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NORTH OF ENGLAND 


_ An Ordinary Meeting of the Section was held at 7 p. m. on Wednesday, Nove ember 13t 13th, 1957, , 
_ ffat the College of Further Education, Widnes. — _ The Chair was taken by the Chairman of the — 

Section, Mr. A. 
‘The following papers were presented and discussed: _“Ton-exchange- Chromatography f 
Applied to Closely-related Organic Compounds” and ‘‘Trace-element Determinations with a 
the Aid of Ion-exchange Membranes,” by D. Logie, B.Sco 

__ The meeting was preceded, at 2.15 p.m., by a visit to the Research Department 
Laboratories of Imperial Chemical Ltd. Div ision). 
AN Ordinary , Meeting ¢ of the Section was as held at t 2. 15 p. m. on n Saturday, December 7 7th, 1957, 


at the City Laboratories, Mount Pleasant, Liverpool. The Chair was taken by the Chairman 

of the Section, Mr. A. N. Leather, B.Sc. LF. 
_ The following paper was presented : and discussed: ‘‘Present Trends in the vicina of 


N Mecting Scottish Section and the Department of of the University 

of Edinburgh was held at 4.30 p.m. on Wednesday, November 20th, 1957, at the Department © 

of Chemistry, West Mains Road, Edinburgh, 9. The Chair was taken by Professor E. L. © 
Hirst, C.B.E., LL.D., F.R.S., Department of Chemistry, University of Edinburgh, 
following paper was presented and New Line in the ad 
letal Indicators,” Dr. Rudolf Piibil. 


4 Jomt Meeting of the Western Section and the Association of Public An para was s held at 
P p.m. on Saturday, November 23rd, 1957, at the College of Technology, Ashley Down Road, 
Bristol. Mr. P. J. C. Haywood, B. Sc., F. R.I.C., Chairman of the Western Section, welcomed 
he numerous visitors, after which he invited Mr. F. C. Bullock, B.Sc., F.R.L.C., President 
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the Association of Public Analysts, to take the Chair. 


: “Instrumentation in Radioactive 

; “The Effects of Radiation on Living Cells,” by 

a? ‘Freundlich, M.A.; “Radioactivity i in Sea Foods and Waters,” by G. V. James, M.B.E., 
Se., Ph.D., F.R.LC. A.I.W.E.; “Radioactivity and its Detection in by 
OR Burns, 'B. Sc., F.R.L.C. (see brief summaries b below). E =. 
fe MR. MINSHALL briefly described the instrumentation and measurement of radio- 
a activity, together with the necessary precautions to be observed and corrections ‘to be 


Mr. FREUNDLICH described the pn of radiation on living cells and discussed the § 
a effect and the importance of oxygen and enzyme inactivation by radiation. J 


8 and also effects on blood vessels and loss of coagulant properties ofthe blood. — § 


’ ae Dr. James described the results of examination of imported canned foods, fish, 
Sie seaweed and so on for radioactivity, as well as samples of drinking water and radio. 
active spa waters. "The problems of preventing uptake of radioactivity by fishing vessels 
_ and their gear when in an area where a discharge has been made was oe: touched upon. § 
le Mr. Burns spoke of the detection of radioactivity in effluents, and the legal aspects 
of discharge and treatment of wastes, as well as control of discharge by the various 


oo Meeting of the Western Section and the Mid-Southern Counties Section of “the Pe 
- Royal Institute of Chemistry was held at 7.45 p.m. on Thursday, November 28th, 1957, at * 
_ the Cathedral Hotel, Salisbury. The Chair was taken by the Chairman of the Westem 
Section, Mr. P. J. C. ‘Haywood, B.Sc., F.R.LC. 
lecture on “Current Practice in Chemical Pathology” was was given by L 


OR _JomntT Meeting of the Midlands Section and the Birmingham and Midlands Section of the 
Royal Institute of Chemistry was held at 7 p.m. on Wednesday, November 13th, 1957, inf 
the Main Chemistry Theatre, The University, Edgbaston, Birmingham, 15. The Chairf 
was taken by the Chairman of the Midlands Section, Dr. R. Belcher, F.R.1.C., F.Inst.F. ff 
__ The following paper was presented ‘al discussed : “A New Line in the Development of 


AN Ordinary Meeting of the Section was held at 7 p.m. on Thewtten, Decowbet 5th, 19575 
in the Gas Showrooms, Nottingham. The Chair was taken by Mr. C. A. Johnson, B.Pharm.§ 

A discussion on “Non- ~aqueous Titrations” was ‘opened by E. ‘H. Tinley, ¥ 

Aw Ordinary Meeting of the Section was held at 6.30 p.m. on Wednesday, December 11th} 

¥ 1957, in the Mason Theatre, The University, Edmund Street, Birmingham, 3. - The Chas 
was taken by the Chairman of the Section, Dr. R. Belcher, F.R.I.C., F.Inmst.F. 
discussion on “The Analytical | Chemictry of Copper one, its was opened by 

‘THE thirteenth Annual General Meeting of the Group was held at 6.30 p.m. on Tuesday 


— ae “4 November 26th, 1957, in the meeting room of the Chemical Society, Burlington | House 
‘London, W.1. The Chair was taken by the Chairman of the Group, Dr. J. E. Page, F. R.1C 
The following | appointments were made for the > ensuing year: —Chairman—Mr. R A. 

Isbell. | Vice-Chairman—Mr. G. W. C. Milner. Hon. _ Secretary and Treasurer—Mr. L. 

i Brealey, Boots Pure Drug Co. Ltd., Standards Department, Station Street, Nottingham 

: Members of Committee—Dr. Bella B. Bauminger, Messrs. H. J. Cluley, W. Cule Davies, A. L 
Glenn, A. G. Jones and T. L. Parkinson. Dr. Dz C. Garratt and Mr. C. A. Bassett wer 

' The Annual General Meeting was followed at 6. 45 p.m. by the 60th Ordinary Meeting 

¢ the Group. Mr. R. A. C. Isbell, A.Inst.P., was in the Chair and a lecture on “Infra-red 
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Preparation ‘Uses of 


-exchange membranes : 
Other new materials 


A New techniques 


place largely as a result of improvements in separation techniques. In many of these develop- 
| ments, ion-exchange resins and ion-exchange chromatography have played an important part. 
Some of the more spectacular successes of ion-exchange techniques have been in the separation 
of the rare earths! and in the isolation of promethium? and the transuranium elements,?.4,5.8,7 
but, in many laboratories, ion-exchange resins are now also used as established analytical 
tools. They are widely employed not only in simple analytical problems, such as the deter- _ 
mination of salt concentrations, but also for the separation of complex mixtures of closely 
related substances, such as amino acids® and nucleic acid degradation products.® Since the _ 
publication of the American work on the separation of fission products, a wide variety of — 


procedures for the separation of inorganic ions by ion-exchange niatinitets have been a 


a Pie it is now ow possible to separate every element in the periodic table ‘tiie rane > 
anion in solution from every other such element by proper employment of the techniques _ 
of ion-exchange chromatography appears to be a reasonably safe conclusion.” HS 


The | principles an and methods. ; employed in the established ion-exchange techniques are 
well described in the book by Samuelson, whose pioneer work on the application of ion- : - 
exchange resins in analytical chemistry has been largely responsible for the widespread — 
adoption of ion-exchange methods in the laboratory. The methods used for the separation — 

of complex mixtures by ion-exchange chromatography a are also described in two recent books ~ 

on ion-exchange technology” and on the use of ion-exchangers in organic chemistry and — 
biochemistry.* Since the field of application of ion-exchange resins is now so wide, in this 

review it will be possible to describe only some of the more recent advances that are likely 

to be of interest to the analytical chemist. The more important developments may be > 
classified somewhat t arbitrarily in into two © groups: @) new ion- exchange | materials and (6) new 


Although different ions have different | affinities for ion-exchange resins of the con- 


ventional type containing either acidic groups, such as the -SO,H group, or basic groups, such — 

Jas the quaternary ammonium group, these differences in affinity are frequently too small to ‘ 
form the basis of a readily effected separation, especially when the ions to be separated are q 
very similar in their properties. Most of the separations carried out by ion-exchange chrom- 
atography have therefore been based on differences in the degree of dissociation of the sub- 
stances being separated or on the e stability of their rather than on the a 


ae Based on a lecture « delivered at the ‘meeting of the Midlands Section on Thursday, October 26th, 1956. a 
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affinities ¢ of the ions for resin. in in the the rare use is 
_ tetra-acetic acid. This lack of highly selective properties has, however, meant that the con- 
- ventional ion- -exchange resins have been used extensively in chromatographic procedures, 
since, _ by appropriate selection of eluting agents, they can be used for a wide variety of applica- 
tions. In the past few years there has, however, been increasing interest in the development 
of resins” _ containing special functional groups that would be expected to result in highly 
selective behaviour. Interest has very largely centred on the preparation of resins containing 
chelating groups that might be expected to show highly selective absorption behaviour 
ime metal cations. These resins have been described as chelating resins or chelating 


. made of the differences in the stability of their complexes with citric acid or ethylenediamine- 


ion-exchange resins. Their preparation and properties have been described in recent 
reviews',15 and only a short account of them will be given in this review. = = 
‘The first attempt to prepare a resin showing highly selective behaviour was made in 1940 
by Skogseid,1® who sy nthesised a polystyrene resin containing functional groups similar in 
_ structure to dipicrylamine. Dipicrylamine forms a sparingly soluble potassium salt, which 
may be a chelate compound, and Skogseid was able to show that the resin containing similar 
_ groups had a higher affinity for potassium than had other ion-exchange resins. . This resin has 
recently been studied in more detail, and Skogseid’s results have been confirmed.!? Most 
_ of the chelating resins so far described have been obtained by condensing compounds such 
as m-phenylenediglycine!* with formaldehyde, or anthranilic acid with resorcinol and form- 
ca _aldehyde.’*."*.20 Chelating resins with polymer networks similar to those in the more recently 
developed ion- -exchange resins should, however, have greater physical and chemical stability. 
s Cornaz and Deuel*! have described a chelating resin containing hydroxamic groups that 
___ was based on a commercial carboxylic resin; this absorbed ferric ions selectively. Chelating 
-_- resins prepared from cross-linked polystyrene and containing 8-hydroxyquinoline-* and amino 
— acid groups have also been prepared. The former resin strongly absorbed copper, nickel 
and cobalt ions in the pH range 2 to 3, whereas resins of the latter type showed very similar 
behaviour, the order of affinity for bivalent ions of the first transition series corresponding 

to the Irving - Williams order of stability observed with soluble complexes.  —«™ 
= ie ‘Until recently, little has been published on the characterisation or possible applications 
of chelating resins, but it appears likely 1 that they may eventually prove useful for the deter- 
- mination of trace metals and in some inorganic separations. Blasius and Olbii-h* have 


_ described the application of a chelating resin prepared from m-phenylenediaminetetra-acetic 
acid to the separation of alkali-metal ions from copper or nickel, to the separation of alkaline 
earths from copper and to the separation of cobalt and nickel. In the first example, the alkali 
_ metal was eluted from the chelating resin with 0-01 N hydrochloric acid, the effluent was 
_ passed through a column of a strongly basic resin in the hydroxyl form, and the solution of 
_ the alkali-metal hydroxide was titrated with 0-1 N hydrochloric acid. The copper or nickel 
_ was then eluted from the chelating resin with 2N hydrochloric acid and determined by 
A major disadvantage of the chelating resins containing weakly acidic groups is the 
_ slow rate of exchange, so that long columns or very slow flow-rates have to be employed. 
Resins containing stronger acidic groups may prove superior in this respect, and Kennedy 
_ and Davies have described the application of phosphonic acid chelating resins to the separa- 
- tion of uranium from heavy metals. It may be noted that some of the commercially available 
ion-exchange resins show highly selective behaviour in special instances. For example, 
_ some of the phenolic resins containing methylenesulphonic acid groups have an exceptionally 
_ high affinity for caesium* and have been used for the determination of caesium in sea water™ § solu 


and for the separation of milligram amounts a caesium from mo amounts of oer alkali- 


a very flow-rate have to be In qualitative a to § prep 
in paper partition should possess advantages. lIon-exchange properties§ 
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; i ‘ae separation, local equilibrium should be closely approached at all points in the § chro 


‘molecule, of papers rs of this type 
sulphonic and quaternary ammonium groups has been described.”*.® More recently, Kember _ 
and Wells*® have described chromatographic separations on papers prepared from aminated — - 
and phosphorylated cellulose. Cation- and anion-exchange papers can also be made by — 
incorporating finely divided ion-exchange resins in the cellulose pulp used for the preparation - 

of the paper*!; the chromatographic behaviour of ions on the resultant ion-exchange paper 
has been found to be similar to that observed in column experiments with the same resin. | 
A similar - technique has been described by Lederer, who incorporated particles of ion- 
exchange resin in filter-paper by passing a strip of the paper through a suspension of colloidal 
aggregates of Dowex 50 or an anion-exchange resin of a fine particle size. Paper prepared 

in this way has been used for the separation of selenium and tellurium.* A spot of a solution - 
containing a mixture of sodium selenite and sodium tellurite was applied to a strip of paper 
impregnated with Dowex 50. The paper was then eluted with acid and sprayed with a 
solution of stannous chloride in 5 N hydrochloric acid. It was found that the tellurium, 
unlike the selenium, exhibited a marked cationic character in acid solution, and good separa- 
tions of the two elements were achiev ed. i. the use of tale a finely divided 


There is at present - considerable interest in the ion- materials 
in sheet form for use as membranes in electrodialytic and electrochemical processes. _ -Cation- 
exchange membranes are permeable to cations, but are relatively impermeable to anions; 
similarly, anion-exchange membranes allow the passage of anions, but are relatively imperme-_ 
able to cations. Ion-exchange membranes of both types are commercially available; the 
cation-exchange membranes, ¢.g., Permaplex C-10 (The Permutit Co. Ltd.), contain sulphonic 
acid groups and the anion- exchange membranes, ¢.g., Permaplex A-10, contain strongly basic — 
quaternary ammonium groups. Both types « of membranes have a low electrical — z 
and show ‘highly selective behaviour towards cations and anions, respectively. If these i ion- 
exchange membranes are used instead of the comparatively non-selective membranes “a ~ 


can readily be removed from solutions that are too concentrated to be treated by the usual _ 
procedures, 
_ Although the commercially available ion- exchange membranes have been developed — 
if primarily for large-scale applications, they are also suitable for laboratory use. ™ In the analysis - 
| of mixtures of amino acids and other substances by paper chromatography, it is often necessary _ 
to remove inorganic salts before the mixture is analysed. - The usual methods may result in 
| the loss of 10 or 20 per cent. of many of the amino acids and, moreover, arginine may be 
by § largely converted to ornithine. Small laboratory electrodialysers have been described*.*? 
in which an electrolytic cell fitted with platinum or carbon electrodes is divided into three — — 
compartments by a cation- and an anion-exchange membrane. The solution to be desalted a 
is placed in the central compartment and tap water or dilute electrolyte solution in the 
electrode compartments. When a potential is applied to the cell, cations and anions in the 
central compartment pass into the electrode compartments through the ion-exchange mem-_ 
branes, which prevent the entry of anions and cations moving in the opposite directions. A 
similar method has been employed for the de-ionisation of aqueous solutions of plant extracts.38 
The use of ion-exchange membranes in the electrodialysis cell permitted de-ionisation of the — 
solutions without loss of sugars. An electrolytic cell divided into two compartments by q 
cation-exchange membrane has been used in the determination of boron in a sodium hydroxide 
solution.2® The anode compartment was filled with the hydroxide solution and the =: 
compartment with 0-5 N sodium hydroxide. On passage of an electric current, sodium i ions , a 
passed through the membrane into the catholyte and the boron remained in the anolyte. ir The 
concentration of sodium hydroxide in the anolyte was reduced to 0-007 N, and the boron _ 
was determined colorimetrically after removal of interfering elements such as aluminium, = 
chromium and manganese on a column of a cation-exchange resin. The method could be 
used for the determination of boron in sodium metal and has proved valuable in the — 
Preparation of boron-free sodium hydroxide. “AEM 
__ Although membranes based on ion- -exchange resins are a a relatively new development, 


lulose the membranes that show ion-selective behaviour been the subject 
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HALE: RECENT ADVANCES: 


aR 
Fe, — of extensive investigation many years before ‘the discovery of ion-exchange resins, and highly 
v mh selective membranes based on collodion had been prepared. The more recent membranes 
of this type that have been developed by Sollner® have proved to be suitable for the deter- 


a mination of ion activities in solutions of electrolytes. The most effective cation-exchange | i 


a membranes of this type were prepared © by incorporating sulphonated polystyrene 

: cS in a collodion membrane. Highly selective anion-exchange membranes were prepared by | 
ks treating collodion membranes with solutions of protamine sulphate. Membranes prepared 
in this way may be used for the determination of the activities of many ions for which specific 


: * reversible electrodes are not ah eta e.g., fluoride, nitrate and acetate, or when it is difficult | - 


to set up a suitable electrode, e.g., with alkali- metal and alkaline-earth cations. These 
membranes can therefore be used for the determination of ion activities in single electrolyte 
solutions in much the same way that a glass electrode is used for the determination of hydrogen- 
ion activities. The membranes developed by Sollner appear to be particularly suitable for 
this purpose and have been used successfully in studies on the binding of alkali-metal and 
alkaline-earth cations in protein solutions".® and in potentiometric titrations.“ Membranes | 
prepared in the laboratory be moulding a finely divided ion-exchange resin with an inert 
binder such as polystyrene or polyethylene have also been used successfully for the determina- 
tion of ionic activities and in potentiometric titrations.“..# When commercial ion-exchange 
_ resin membranes are being applied in the determination of ionic activities, the use of a strip | 
or ribbon of the ion-exchange ee are been found to be advantageous.” 
: ki In the separation 1 of large - molecules, such as proteins, by ion-exchange chromatography, 
_ the exchange process is confined to the surface of the resin particles. In most of the earlier 
work on protein separations the weakly acidic cation- exchange resin Amberlite IRC-50 was 
employed. Recently, special ion-exchange materials for protein separations have been | 
a developed. These include chemically modified celluloses*-,59,51 and ion-exchange materials | 
prepared by coating the surface of kieselguhr with sulphonated cross-linked polystyrene.™.* 
The recent introduction of a new type of highly porous polystyrene ion-exchange resin™ may 
lead to further developments in the ion-exchange separation of large molecules. The use of 
ion-exchange chromatography for the separation of peptides, proteins and nucleic acids has 
been described i in two recent review articles. 
_ The use of ion-exchange resins in the study of complexes has led in turn to the seat: 
= of a wide variety of procedures for the separation of inorganic ions by ion-exchange 
_ chromatography. _ The methods developed by Kraus, Moore and Nelson*’ for the separation 
f metals in the form of their chloro complexes on anion-exchange resins are of very wide 
pplication and some remarkable separations have been achieved by this simple yet elegant | 
_ technique. The general principles involved in the application of these methods in analytical | 
chemistry have been described by Jentzsch,** and a summary in tabular form of the work of 
Kraus and his colleagues has recently been published. 59 Many other methods involving the 
use of selective eluting agents, ¢.g., phosphoric acid®.*! and organic solvents,®?-® have been 
described. And, as such a wide selection of procedures is now available for the separation | 
of inorganic ions, improvements in experimental techniques such as the use of gradient elution 
appear to be most likely to lead to important developments. In the organic field some 
_ interesting separations have been carried out by the processes known as * ‘ion aeypenc nse 
is The technique of gradient elution is being employed to an increasing extent in ion- 
exchange chromatography. In elution procedures i in which it is necessary, for example, to 
increase the acidity of the eluting agent to remove the more strongly absorbed components 
a gradient-elution technique can be used, in which the acid concentration of the eluting agent 
is increased continuously. When this procedure i is employed, “‘tailing”’ is reduced or eliminated 
and the discontinuities or duplication of peaks, which may arise on changing an eluting agent, 
“are avoided. Iha typical gradient-elution procedure the eluting ~ are = successively 


IN THE PREPARATION AND __[Vol. 83 Jam 
adde 
then 
v 
nto 
leve 
& sepa 
and 
has 

cont 
the « 
less 
glyce 
of sc 
chro: 
| mole 
a knov 
Alth 
and, 
howe 
for t 
mole 
can | 
chro: 
solut 
out 
4 Orm 
deve 
part: 
of ca 
with 
stror 
form 
@ niobi 
caesi 
to be 
and 
for t 
| fina 
colur 
reter 
| that 
i exch; 
Bin th 
Bk 
_ q | of of 
exch 
exch 
haen 
of th 
| __- Anitially contains a solution of one concentration and a solution ofa higher conenonetige is “7 


added continuously, the concentration of th the stations eanencn 
then slowly approach that of the added solution. The of the agent may 
be varied in different ways by suitable adjustment of the rates at which the solutions flow 
into and out of the mixing vessel. Gradient elution is now employed in the procedure oo 
I developed by Moore and Stein for the separation of amino acids,® and its application to the © 
separation of the rare-earth elements® and to the separation of ortho-, pyro-, tri-, trimeta-_ 
and tetrameta-phosphates®? has recently been described. — The theory of gradient elution — 


68 69 ,70 


If a strongly acidic cation-exchange resin in the sodium form is allowed to come in 
contact with a solution containing sodium chloride and a non-electrolyte such as glycerol, 
the equilibrium concentration of sodium chloride inside the resin particles will be very much 
less than in the external solution, owing to the Donnan equilibrium effect. The uncharged 
glycerol molecules will, however, be absorbed by the resin, and in this way a partial separation 

of sodium chloride and glycerol could be obtained. By using a column of the resin and a 
chromatographic procedure with water as eluting agent, a complete separation of charged a 
molecules from uncharged molecules can be achieved. The use of this process, which is 
known as “ion exclusion,” for the purification of sugar” and glycerol? has been described. _ 
Although water is used as an eluting agent and acidic or basic regenerants are not required, — ; 

| the solutions to be treated are diluted in the process unless special procedures are adopted 
and, moreover, slow flow-rates and resin of fine particle size have to be employed. It is, 


however, likely that ion-exclusion techniques may eventually prove of value in the laboratory — a 
for the separation of strong electrolytes from uncharged molecules, especially as uncharged | 
|molecules are sometimes strongly absorbed by ion-exchange resins.%.7> Since the extent | 
| to which it is absorbed depends on the nature of the uncharged molecule, ion-exchange resins _ 
can be used for the separation of mixtures of non-electrolytes or weak electrolytes by partition — 
chromatography.”* With alcohols the separation is greatly improved by the use of a salt — 
solution as the eluting agent instead « of wate water, and thi this _— has been described as “salting- : 


A number of analytical procedures involving ion- exchange resin s have recently been Pv, 
ee in which chemical reactions take place either at the surface of, or within, the resin 


with a column of Amberlite IRA-400 and solutions containing trace aiesee of caesium, — 
strontium and a zirconium - niobium mixture, it was found that a column in the hydroxide 7 
form did not retain the caesium and strontium, but collected quantitatively the agora = 
niobium mixture; a column in the oxalate form retained most of the strontium, but not 
caesium ; and a column in the carbonate form retained strontium. _ This method is reported 
to be more efficient and more selective than the conventional co-precipitation techniques and 
has been found to be suitable for the rapid separation and determination of radiostrontium 
and radiocaesium in fission-product mixtures.*°.8! A similar procedure has been described 
for the separation of barium-140 from lanthanum-140. This technique has also been used — 
in a method for the rapid determination of the major anions in fresh water, in which a 
column of a strongly acidic cation-exchange resin in the silver form was used for the selective 
gretention of chloride ions, a process similar in principle to the technique developed during 

the war for the removal of salt from sea water with silver zeolites. It has also been found — 
that the sensitivity of precipitate-forming spot-tests can be improved by the use of ion- 
exchange resins. As an example, a ‘strongly basic resin - the chloride form was employed — 
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“HALE: RECENT ADVANCES IN THE PREPARATION | 


is said to be ren meee int (0- 005 yg) and the limiting concentration 1 in 6 x 1 . 
fering i ions such as Fe*+ and Bi** can be removed by pg treatment of the | sample 


_ FUTURE DEVELOPMENTS 
of the ion- -exchan nge resins that have been are only of 

- ephemeral interest, but some may become of importance to the analytical chemist. Further 


research on the preparation and properties of ion-exchange membranes may lead to new] 


_ techniques for the separation and determination of ions by electrochemical methods. —_— 
___ Inrecent years, rapid progress has been made in the use of ion-exchange resins in analytical 
_ procedures and it may be expected that they will find even wider application in the future, 


articularly in problems involving the separation of complex mixtures. — 
partic y in p g the sep P 
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The e Determination of | venieen um b ‘Solvent Extraction 


ving Division, A; E.R.E., Harwell, ny. . Didcot, Berks.) 
‘The ‘separation of trace amounts of uranium by solvent 
extraction has been investigated, with particular reference to the determina-_ 
_ tion of uranium-233 in irradiated thorium. The methods that have been 
_ evolved are applicable to the separation of uranium from many other elements .. 
under appropriate conditions. The use of isobutyl methyl ketone in con-— 
_ with sodium diethyldithiocarbamate is described. 
‘ 
JRANIUM- 233 is produced by neutron irradiation of thorium as 


Uranium-233 itself decays by alpha’ emission with a half-life of 1-62 x 105 years. One > 
of the 2-09 x 10* alpha per minute cand hence it 
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om AND MORETON-S 


can be determined in trace amounts by alpha coun ending: The thermal-neutron capture cross- 
- section for thorium-232 is 7 barns, so that the amount converted to uranium- -233 i in neutron 


4 to uranium- -233 + hos. only 0-22 g of uranium-233 per kg of thorium. _ Fission products 
are also formed by the fission of a very small amount of the uranium-233. Hence the - 
_ analytical control of a process in which these small amounts of uranium-233 are separated 
_ from irradiated thorium! will involve the determination of from 0-01 to 100 yg of uranium-233 © 
f per ml in approximately 0-7 M solutions of thorium nitrate. The solutions are also 0-05 M 
in fluoride ions to catalyse the dissolution of thorium metal or oxide. The accuracy required — 
is from + 10 to + 2 percent. at the 100 ug permilevel 
: >: Before uranium-233 can be determined by alpha counting, it must first be separated from — 
hy thorium, which would reduce the alpha count by absorption, and from the decay = 
of thorium, which would contribute to the alpha count. 


‘The relative amounts of the daughter products of the. decay. of thorium will depend upon 
‘ “the interval between purification of the thorium before irradiation and the analysis. — , the | 


: @ -~iper mg of thorium, or about 3 x 10% disintegrations per minute in 0-7 M solutions of thorium. 
- ‘wa This compares with 2-09 x 10? disintegrations per minute for 0-01 yg of uranium-233. ge | 
_ An excellent review of methods of analysis for uranium has been | given by Rodden. 2 | 
P For the present requirements of rapid separation of traces of uranium-233, it seemed that a 
__ solvent-extraction procedure would be most suitable. Provided that it were simple enough, 
it would have the advantage of confining the uranium-233 and fission products to small | 
_- volumes of liquids and would permit aliquots of the solvent phase containing the purified 
_ uranium-233 to be evaporated directly for alpha counting. The equipment required is sa 
: ‘simple an¢ and this reduces the risk of radioactive cross-contamination. Bie —— ee 
solvent- extraction procedure that could separate amounts uranium 
large amounts of thorium in a single extraction was already available, based on the work of 
Betts and Cahn. This was the extraction by isobutyl methyl ketone (hexone) of the 
uranium - diethyldithiocarbamate complex from a thorium nitrate solution made 2M in 
- ammonium nitrate at pH 2-5 to 3-0. Unfortunately, the thorium daughters lead-212 (half- a 
life 10-64 hours) and bienvethe 212 (half-life 60-5 minutes) are also extracted. The alpha 
activity that results from the decay of the extracted bismuth-212 and from that bismuth-212 
formed in the solvent by decay of lead-212 does not permit the determination of uranium- 
233 in the extract by counting until this unwanted activity has decreased to a relatively 
insignificant level. _ This requires at least 4 days, and much longer for very small amounts 
of uranium-233, and is therefore impractical for plant control. Neither lead nor bismuth 
is extracted by hexone, whereas uranium, and to a lesser extent thorium, is extracted by 
this solvent. 1 A method was des \ eloped in which uranium is separated from lead and bismuth 
uranium is then separated 
by washing, under the conditions given above, after the addition of sodium diethyldithio- 
carbamate. A description of the experiments carried out to establish the four basic 
assumptions upon which the method depends is given below. a 
Ex ‘TRACTION OF URANIUM BY HEXONE FROM THORIUM NITRATE SOLUTIONS— “r 
To achieve the highest extraction of uranium-233 it was proposed to the 
phase with ammonium nitrate. In the absence of thorium nitrate, partition coefficients for 
-uranium-233 (ratio of concentration in solvent phase to concentration in aqueous phase = K) 
_ for extraction from saturated ammonium nitrate solution into hexone at acidities of 0-25 
and 0-5 N were measured by alpha counting. © _ The values found for Ky were 14-5 and 12-5. 
_ The effect of thorium and nitric acid on Ky is indicated in Table I. It is apparent that three 
2 successive extractions with equal volumes of solvent are necessary to extract more than 98 
_ per cent. of the uranium present in the solution initially 3 Ni in nitric acid, but measurements 


ms - successive extractions, and hence, after each ‘extraction, ‘the values of Ky will be improved 
_ owing to reduced acid concentrations. These values of Ky were high enough to meet the 
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EXTRACTION OF URANIUM AND THORIUM FROM 
AMMONIUM NITRATE BY HEXONE | 


Concentration of Concentrati f 
f 4 
. 


The concentrations a are for the aqueous phase phase before s saturation with nitrate, which 
pables the aqueous volume and halves these concentrations. 
an The extraction of thorium was measured in this and other experiments; typical results 
are included in Table I and show a value for Ky, of between 0-21 and 0-28. Three half- — 
volume extractions would therefore remove about one-fifth of the thorium. For solutions 
of thorium containing 25 to 100 wg of uranium-233 per ml, 0-25-ml portions or less are 
adequate for an analysis, but for the lower range of concentrations of uranium- 233, 5-ml _ 
tions are necessary to give enough uranium-233 alpha activity. The small portions _- 
easily be diluted with saturated ammonium nitrate solution and nitric acid to give suitable 7 
NOU-EXERACTION THORIUM DAUGHTERS BY HEXONE— 


When 1 thorium nitrate solutions « containing daughter activities are equilibrated wit 
hexone, some alpha activity is extracted. This activity does not show the decay character- a 
istics of lead-212 or bismuth-212, but shows growth characteristics associated with thorium-232 _ 
and thorium- 228. As shown later, this activity is remov ed at pH 2-8 by washing with an 


RETENTION OF URANIUM - DIETHYLDITHIOCARBAMATE COMPLEX IN HEXONE— 
Control of pH—For the second stage of the analysis, uranium . must be held in the hexone 
phase as the diethyldithiocarbamate complex while thorium is washed into the aqueous — : 
phase. Betts and Cahn* found the optimum pH range was 2-5 to 3-0, since above pH 3-5 — 
thorium begins to be precipitated and, under conditions of low pH, the uranium - ol 


containing extracted uranium-233 and acid was stirred with 2 M ammonium nitrate solution : 
| and 1 drop of indicator was added. Concentrated ammonia solution was added dropwise — 
until the indicator turned green. ” ‘Then 0- 5 ml of a freshly prepared and filtered solution of ; 


rose and the indicator turned green. More pon was added to restore the colour. 
__ Removal of alpha activity due to the presence of thori'um—A 5-ml portion of a solution of : 
thorium nitrate was saturated with ammonium nitrate and stirred with successive 5-ml a 
portions of hexone. The hexone extracts were combined and washed with 2M ammonium i 
nitrate solution containing sodium diethyldithiocarbamate and the pH was controlled at 2-8 4 
as described above. The solvent was then evaporated and the residue was destroyed with — 
nitric acid, transferred to a tray, prepared for counting and counted. The mean alpha 
count of this solvent and of others from four similar experiments was equivalent to less than 
the 0-001 yg of uranium-233 per ml in the original sample. a This was acceptable as the limit — 


Eva APORATION OF HEXONE CONTAINING ‘URANIUM- M-233 FOR ALPH: COUNTING 


‘When determining the higher concentrations of uranium-233, it is convenient to evaporate - 
aliquots of the purified hexone extract directly on flat stainless-steel trays. The trays are 
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DETERMINATION 

put on rings “made of sections of copper ‘tubing of diameter about 1 ‘and } inch” 
long, which are placed on a hot-plate controlled by a Simmerstat. The trays are also heated 
_ from above by an infra-red lamp. To avoid loss by the solvent ‘ “creeping” over the edges — 
we a the tray, a technique was devised whereby 1 drop of a 20 per cent. solution of ammonium — 

_ chloride containing about 1 per cent. of a water-soluble glue (Stephen’s Stefix was used) is 
_ first placed on the tray and evaporated to dryness under the infra-red lamp. The hexone | 
htt and washings from the pipette are added dropwise to the tray, which is kept hot — 

_ enough to evaporate hexone without spitting. When the solvent aliquot and washings — 


___ have been evaporated, the tray is heated to redness, thereby volatilising the ammonium chloride | 
and organic matter. When this technique for evaporating the final solvent aliquot was — 


used, recov coveries s ranged from 98 to 100 per — 


4 


In practice, duplicate analyses were ‘carried. out, and for the range of 30 to 100, 4 g of | 


80 per cent. of the analyses of solutions containing 0-1 yg per ml or less, agreement between § 


Seca per ml, agreement between the duplicates was better than 2-5 per cent. In — 


duplicates was better than 5 per « cent. The total time required for duplicate analysis, includ- _ 

ing counting, was about 3 hours. _ Although this time compares favourably with that required 

__ for other methods, such as chromatography, it was thought that the method might be improved _ 

by the introduction of ethylenediaminetetra-acetic acid to eliminate the preliminary extrac- 

: —_ tions with hexone. This was only partly successful, but the substitution of 8- -hydroxy- 

“Part sodium diethyldithiocarbamate was and its is described im 


Sodium diethyldithiocarbamate solution—A freshly 4 prepared and filtered 20 per cent. 
_-—- Anti-creeping solution—A 20 per cent. solution of ammonium chloride containing 1 per 
of a water-soluble glue (Stephen’s Stefix was found to be suitable). 
PROCEDURE FOR 0- 01% TO. 1 pg OF URANIUM-233 PER 
oe By p pipette place 5 ml of sample solution in a 40-ml centrifuge tube and oven the 
solution with ammonium nitrate by adding the solid reagent. Then add 3 ml of hexone 
and stir the solution for 5 minutes. Spin in a centrifuge and then transfer the hexone layer 
to a clean 40-ml centrifuge tube. Repeat the extraction with two further 3-ml portions 
_ of hexone and combine the three hexone layers. To the combined layers add 5 ml of ammon- 
_ ium nitrate solution and 1 drop of screened methyl orange indicator solution and stir. _ Make 
alkaline ’b by adding ammonia solution and then add 0-5 ml of sodium diethyldithiocarbamate 
= "Add N nitric acid until the aqueous layer is mauve (not red) and stir for 4to5 
minutes. - necessary, add more acid during this time to maintain the mauve colour. a 
ee Spin in a centrifuge and then transfer the hexone layer to a 50-ml beaker. Wash the 
= surface of the aqueous layer with 0-5-ml portions of hexone and add the washings to the 
 hexone in the beaker. — Evaporate to dryness under gentle heat from an infra-red lamp in 
8 fume chamber and wash the sides of the beaker twice with 2-ml portions of concentrated 
_ ihitric acid, evaporating to dryness each time. Then wash the beaker twice with 4 drops 
_ of N nitric acid each time and transfer the washings to a stainless-steel counting tray. 
‘ Evaporate the washings to ‘dryness, | heat t the he tray | to redness in the flame of a Meker burner 


= 


"PROCEDURE FOR 1 To ug, OF URANIUM-233 PER ml— 
Pipette place a suitable of the solution in a 40-ml tube 
* (0-1 ml is suitable for 100 wg of ura 


A 
4 
“| 
5 
| 
| 
a 
| | i 
* 
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il of more nitric acid to maintain the mauve 
Spin in a centrifuge and then transfer the hexone layer to a 10-ml flask, 
a z " care to ensure that none of the aqueous layer is transferred. Wash the surface of the aqueous _ 
| layer with three 0-5-ml portions of hexone and add the washings to the hexone in the flask. _ 
gs bY s Make the volume in the flask up to the mark by adding hexone and mix thoroughly. | an 

. d 1 drop of anti-creeping solution into each of four stainless-steel counting trays and evaporate to. 


ms dryness. _ By pipette put 0-25 ml of the hexone solution from the flask into each tray and 
"a _ slowly evaporate, keeping the hexone around the spot of ammonium chloride, and then add 
% _ the washings from the pipette. Heat the trays to redness in the flame of a Meker burner 
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The Determination of Uranium by Solvent ‘Extraction 


‘Part IL he Separation of Uranium-233 from Irradiated Thorium as the 


‘BY R. F. CLAYTON, Ww. ‘AL H. HARDWICK, M. MORETON- SMITH AND R TODD TODD 
(Chemical Engineering. Division, A.E.R.E., Harwell, nv. nr. Didcot, Berks. 2 


Med The development of solvent pextraction m methods for determining trace 
~ ss amounts of uranium-233 in irradiated thorium is described. Thorium and — 
its alpha-emitting daughters are complexed with EDTA, and, when uranium- 
233 is extracted as its diethyldithiocarbamate complex, only bismuth- 212 
pe accompanies it. This is immaterial for colorimetric or fluorimetric finishes, 
_ but, for determination of the uranium-233 by alpha counting, the bismuth-212 

first be allowed to decay. _ If, however, the uranium-233 is extracted 
" as its 8- -hydroxyquinoline complex, no alpha emitter accompanies it and 

concentrations of uranium-233 ranging from 100 wg per ml down to 0-01 


"fret per ml in 0-7 M thorium solution have been determined i d in this way. 
al 7 In Part I of this series! a method of determining uranium-233 in irradiated thorium was 
described, in which uranium-233 was separated from thorium daughters by solvent extraction 
with isobutyl methyl ketone (hexone). Separation from thorium itself was completed by 
forming the uranium - - diethyldithiocarbamate complex, which was retained in the solvent 
_ while the thorium was washed into the aqueous phase. It was thought that the method might 


7 
> 


improved by the introduction of ethylenediaminetetra-acetic acid (EDTA), since this 
the | does not prevent the solvent extraction of uranium as its diethyldithiocarbamate complex 2 


_ whereas thorium and interfering daughter activities are preferentially complexed by EDTA. 


. = | Unfortunately, as Bode? has since reported, the bismuth - diethyldithiocarbamate complex — 
ted | is stronger than the bismuth- EDTA complex and, under the conditions for extracting 


uranium, the separated uranium-233 was found to be contaminated with alpha oaey. x 


aoe _ The problem was to find a complexing agent that would form a strong solvent-soluble — 
= complex with uranyl ions, but any complexes formed with thorium and daughter alpha ' 
must be weaker than their respective EDTA complexes. and tri-n-butyl 
phosphates were tried, but were found to be unsatisfactory. 


a= Pyibil and Maldt® had reported that only uranium, titanium, vanadium, molybdenum — 
and tungsten are precipitated by 8-hydroxyquinoline (oxine) in the presence of EDTA from | 


an acetic acid - ammonium acetate buffer. Solvent extraction of the uranium complex — 
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i _ with N nitric acid and saturate the solution with ammonium nitrate by adding the solid — bee 
4 
ml 


under these and were out to 
_ the optimum conditions for determining small concentrations (0-01 to 100 wg per ml) of © 
uranium-233 in thorium nitrate solutions, after the addition of EDTA, by extraction with 
3 “9 oxine dissolved in either hexone or chloroform. These experiments are described and the ~ 
analytical methods that were evolved are given in detail, —" with results obtained on na 
number of solutions use of the methods. 
ie All equilibrations were carried out in 40-ml centrifuge tubes, the ‘two sent being 
_ mixed by stirring for 5 minutes. After centrifuging, samples of the solvent phase were 
_ evaporated on stainless-steel counting trays by using the technique described by Bode. ; . 
_ Counting was then carried out for 10 minutes or for a total of 10 000 iia by ae: an 


"EXTRACTION DIETHYLDITHIOCARBAMATE DISSOLV yED IN HEXONE IN PRESENCE 


| The experiments carried out to test the efficiency of EDTA asa “masking” agent for 

_ thorium- chain alpha activities during the extraction of uranium as its diethyldithiocarbamate 
complex showed that the extraction of uranium is quantitative even in the presence of 
thorium and excess of EDTA. Unfortunately, the thorium daughter, bismuth-212, is also 
extracted and must be allowed to decay before determination of uranium-233 by counting; 
this time lag will depend on the relative amounts of thorium and uranium originally present 

_ and on the accuracy required. When the necessary time lag is permissible, this method is — 


very it has all the adv antages of the original procedure,’ thin sources are 


Extraction WITH OXINE DISSOLV ED IN on 


results by G Goto, Fleck and Ward, in the absence of EDTA, ium is 

, by oxine in the pH range 4-1 to 8.8, whereas bismuth is completely precipitated in the pH» | 
- range 45 to 10-5. Below pH 4-5, complexing of bismuth by oxine is incomplete and its 

retention in the aqueous phase as the EDTA complex is more likely. So experiments were | 

carried out at pH 4-1 to see if thorium-chain activities were extracted by oxine solutions in — 
te © presence of EDTA, and, if a uranium itself were quantitatively extracted. 

‘salt of EDTA, a molar ratio of 1 to 1-25, was nena to pH 4-1 and stirred with a 2:5 im 
cent. w/v solution of oxine in chloroform. Portions of the solvent phase were ev ae 
and no alpha activity was detected. The experiment was repeated with added uranium-233 
_and showed that about 91 per cent. of the uranium was extracted. The results were similar 
when a 2-5 per cent. solution of oxine in hexone was used. With an initial aqueous phase 
 Cantaining 18 mg of thorium at pH 4, recoveries of uranium-233 were 100 and 102 } per cent. 


using | oxine dissolved i in hexone and i ins chloroform | 


BFFECT oF oH on THE EXTRACTION. OF THORIU M-CHAIN ALPHA. activiry— 
Re To assess the effect of pH on the extraction of thorium-chain alpha emitters, 50 ml of a 
solution containing 180 mg per ml of thorium in nitric acid was treated with a solution of the 
‘ tetrasodium salt of EDTA, the molar ratio of thorium to EDTA being 1 to 1-25. The thorium - 
a EDTA solution was then adjusted to pH 10 and stirred with 20 ml of a 2-5 per cent. solution of 
_ oxine in chloroform. The solvent phase was sampled as the pH was reduced in unit stages. 
_ At pH 10 and pH 9 the solvent activities were 24 and 39 disintegrations per minute per ml, 
« @ "respectively, but from pH 8 down to pH 2 the solvent activity was 6 disintegrations per 
minute per ml, equivalent to only 3 x 10~ yg of uranium-233 per ml. aqueous 
Ww 
as approximately 2 x 10° disintegrations per minute per ml. 
_ THE EFFECT oF pH ON THE EXTRACTION OF URANIUM- . 
= ‘The preliminary extraction of uranium-233 with oxine had indicated that a a pH of 4-1 was 
satisfactory. sample of dissoived thorium rod solution designated No. 
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; was analysed. Portions of 0-25 ml were re diluted with a solution of the tetrasodium salt of _ 


EDTA and water and the pH was adjusted to 4-1, the final volume of the solution being — 
about 2ml. Five millilitres of a 2-5 per cent. solution of oxine in hexone or in chloroform. ~ 
_ were used as the solvent. The results of duplicate experiments are given in Table I. This — f 

sample was also analysed by extraction with a solution of sodium diethyldithiocarbamate a 

in hexone and by extraction with a solution of sodium mae in hexone in — 

the presence of EDTA, the bismuth-212 allowed to decay. 

+ a8 We: ANALYSIS OF SAMPLE No. 3077 BY DIFFERENT MET. 
ae aqueous phase contained 354 mg of thorium per ml and 56 yg of u 
-25-ml portions of the solvent were taken for 


results were encouraging. To obtain an of the precision 
- of the procedure, ten individual analyses were carried out on one sample made up to contain 
100 wg of uranium-233 per ml and 150 mg of thorium per ml; 100-1 portions were taken and _ 
= mg of EDTA were added to each aqueous phase, the molar ratio of thorium to EDTA © 
being 1 to 3-3. Four portions of each solvent phase were counted. ed. The mean recov ery was 
995 5 cent., a coefficient of variation of 1-6 per cent 


PH of aqueous phase before extraction 
Fig. 1. | Extraction of uranium-233 from thorium nitrate 
"solutions by 1 means of a 2-5 per cent. solution of oxine in hexone a 


= 


er, wider variations and it was thought to 
welts the effect of pH on the extraction. . A solution was made up to contain about 
2 pg of uranium-233 per ml, 3 mg of thorium per ml, 0-06 N N nitric acid and 19 mg of EDTA 
“per ml, the molar ratio of thorium to EDTA being 1 to 4. The experiment was carried out a i 
by first adj usting the solution to pH 4-1, and then two 5-ml portions were removed. _ These on x 
_ extracted with 5 ml of a 2-5 per cent. solution of oxine in hexone. The pH of the solution 
_ was then raised to 5-0, when two more 5-ml portions were removed and extracted with the | 
_ solution of oxine in hexone. The pH was raised in steps to 8-5 and samples were taken for 
_ extraction at each stage . The results are shown graphically in Fig. 1 and they indicate that 
the extraction on reaches a maximum at pH 6: 6 and 3 is constant ‘above aceatien value. No 1o extractions 
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* ae carried out above pH 8-5. It should be noted that the addition of the » solvent causes a 
_ drop in pH, and the aqueous phase, initially at pH 8-5, fell to pH 7-9 during extraction. = | 
_ The fall in recovery that begins as the pH falls below 6 is surprising in view of many 
: satisfactory results obtained at pH 4-1. _ The recoveries from high concentrations of thorium | 
_ of sub-microgram amounts of uranium -233 are variable at lower pH values, but are apparently | 
consistent above pH 6. The low recoveries as the pH falls below 7 are discussed later in 
relation to the complexing of uranium by EDTA. lo 

_ The application of the method to the determination of sub-microgram. amounts of uranium- 

_ 233 in 0-7 M thorium solution had likewise given inconsistent results at pH 4. At pH 6:5, 
however, complete recovery could be effected provided that adequate volumes of solvent 
and concentrations of oxine were used. Results of a number of experiments are given in 
- Table II. By using 2 ml of a 10 per cent. solution of oxine in chloroform, recoveries from 
3 mi of a solution | containing ( o- 05 pg of uranium-233 per ml ¢ and 180 mg of thorium | per ml 

_ Hexone is a more convenient solvent than chloroform, since it is lighter than the aqueous 
phase and the extracted uranium-233 is separated in the upper layer. After centrifuging, 
portions of the solvent can be measured by pipette directly without fear of contamina- 
tion by the aqueous phase. A number of analyses were accordingly carried out with 
hexone as the solvent. During the adjustment of ‘pH, hexamethylenetetramine was added 
__ to the slightly acid solution to buffer the pH at 6-5. This was not really necessary, however, § 
: = at these concentrations of thorium and EDTA, the solutions themselves are quite 
strongly buffered. Two 0-25-ml portions of each solvent phase were taken for counting, | 
q q but were only counted for 10 minutes and gave about 1300 counts each. In view of this, the 


that are summarised i Table I show that the — obtained are 


_ EFFECT OF ‘VARIATIONS OF THE CONCENTRATIONS OF OXINE AND THORIUM ON BR 
_ DETERMINATION OF SUB- MICROGRAM AMOUNTS OF URANIUM- 233 
Thorium of solvent —S off oxine Med 
a4 present, used, in n solvent, My Recovery, 


chloroform 
chloroform 
chloroform 

hexone 
Single volume ml, oxine concentration 10 per. cent.— 


containing 180mg Thorium 
of thorium per ml present, 


it 


q 
F URANIUM-233 FROM THORIUM 
7. oy Uranium-233 was determined by extraction with either a solution of oxine in chloroform . 
or in hexone from an aqueous phase containing initially 180 mg of thorium per ml, 0-05 yg of 
‘ae ~ uranium- 233 per ml and 3 N nitric acid. An excess of a solution of the tetrasodium salt of 


a was added and the pH of the solution was adjusted to 6-5, the final volume of the 
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‘EXTRACTION. PART II 


precision of the ‘method for sub- -microgram amounts of uranium-233 by extraction with 
2 ml of a 10 per cent. solution of oxine in hexone were determined by a further series of tests 
in which the conditions were the same as for extractions 4 k to 4 p in Table II, except that 
hexone was used as the solvent. The mean counting rate of the solvent phase was 516 counts 
per minute per ml (10-minute counts), the coefficient of was 6:5 per cent. 
the mean recovery was 99-2 ‘2 per cen cent. 

‘EFFECT OF THE CONCENTRATION OF OXINE AND THE VOLUME OF THE SOLVENT PHASE ON THE 
a _ Ascan be seen from Table II, the recovery of small amounts of uranium-233 from thorium 
nitrate solutions depends upon | both the volume of the solvent used and. the concentrations — 
ofoxine. Tables IIIa, IIIs, IIIc and IIIb give the results of analyses carried out on solutions # 
of four irradiated thorium rods under a variety of conditions, together with the results of i 
extractions with a solution of sodium diethyldithiocarbamate in 


NITRIC ACID, SAMPLE No. 


j ie of EDTA to thorium was | to 5. . Final volume of aqueous »ous phase w was 2 ml, 


of sample Volume 4 tion _ prepared Uranium 
chloroform 
chloroform 
chloroform 
chloroform 
chloroform: 
chloroform 


Crore 


4 hexone 
hexone 


hexone 
 hexone | 5 


hexone 


hexone 


i Mean of results 9 to 24 = 1; per ml. 
tee! rn Standard deviation = + 0-7 pg per ml = + 1-2 oa cent. =a 


* Precipitate formed in phas 

— results, adhitieg those for sample No. 5354, are are plotted in Fig. 2 and ines that 
recovery is complete when 5 ml of a 2-5 per cent. solution of oxine in hexone or chloroform 
are used. With 10 per cent. solutions of oxine in hexone, precipitation occurs at these low t- 


concentrations of thorium, and, with 10 per cent. _ solutions in chloroform, the recoveries 
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ACID, SAMPLE E No. 5352 


containing 3 
sample ‘Volume tion prepared — Spread 
Analysis taken, Solvent solvent, ‘solvent, 
0-1 chloroform § 2 
hexone 
— a — 
-hexone 
hexone 


-hexone 
* 
hexone 
chloroform 
chloroform 
chloroform 
chloroform 
chloroform 
chloroform 
chloroform 
4 chloroform 
of results. 10 to 24 = 5 
Standard deivation = + 1-3 


Solvent with w washings and made u up to 25 ml. 
Preci tate formed in in a ueous hase. 


2 _ RESULTS OF ANALYSES OF A SOLUTION OF IRRADIATED THORIUM METAL IN ab 
NITRIC ACID, SAMPLE No. 5354 wee 


— _ Ratio of E EDTA to thetait was 1 to 5. Final volume of a aqueous phase was 2 ate 


: containing 350 350 mg thorium per ml 


Volume tion of prepared 
Analysis taken, Solvent ‘counted 
hexone 
hexone 
hexone 
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| when an aliquot containing less than 50 mg of thorium is adequate, 5 ml of a 2-5 per cent. Zz 


_ RESULTS OF ANALYSES OF A SOLUTION OF IRRADIATED THORIUM METAL IN ake 


of EDTA to thorium was 1 to 5. Final volume of aqueous area was 2 mil, po 


321 mg of ‘thorium per 
™ 


portions 
4 of 
counts, 


"counted 


hexone 
0 sodium diethyldithiocarbamate in in 


Mean of results 4 and 5 = 5 2 r ml. » 


bine Be £3 


2. Recovery of uranium-233 from sample No. 
‘ 5354, which contained 63-4yg per ml, as a function of > ee ) 


Bs « 


4 in these experiments, it appears that, — high ratios of uranium-233 to thorium, — 
solution of oxine in hexone is the optimum volume of solvent. With very low concentra- 
tions of uranium-233, 2 ml of a 10 per cent. solution of oxine in hexone i is preferable, since this 
gives a solvent phase of higher _— beet: % Sufficient counts can then be obtained 


by the destruction of much larger portions by the proce cedure described in Part I of this series.} 7 
This saves much time and the possibly lower accuracy that results from working with small 
volumes concentrated oxine solution is negligible at these levels, 
is usual to add fluoride i ions to about 0-05 M to catalyse the of thorium 
thoria in nitric acid.6 Many of the analyses described earlier, such as those in Table III, 
were carried out on such solutions. The possible interference of fluoride ions was tn 
by carrying out duplicate determinations of uranium-233 in the presence of various concentra- 
tions of fluoride ions. The solvent ee was 5 ml of a 2-5 per cent. Solution of oxine 7 


found, per ml oe 100,1 104 101, 102 


: 
= 
7 
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With 3 ml of a solution containing 1801 mg , of thorium pe per - ml and 0-05 peg g of uranium-233 


86 per cent. of the total of 0-15 pg ‘of uranium-233 was recovered in duplicate determinations. 

: a this concentration of fluoride is ten to twenty-times greater than is encountered in 

4 _ practice, and since no effect has been observed with fluoride ions at 0-03 to 0-05 M, it may 

3 be concluded that fluoride ions do not interfere at the higher concentration wes a= that 
at very low of uranium- their effect is 


or EDTA on “THE EXTRACTION OF URANIUM-233 


_ It was found that, with solutions of diethyldithiocarbamate in hexone at _ 2: cities 
_ did not interfere with the extraction of microgram amounts of uranium. Similar experiments : 
: with oxine in _— were carried out, in which 2- ml portions of a beep containing only 


7 cent. solution of oxine in hexone at pH 7. The amount of uranium-233 present was 20 He 
_ and the results, which show that there was no interference 7 EDTA up toa _ be 80 ad 


"11 M), were as follows— 


____Imaqueous phase, mg per 

Uranium-233 found, pg . 


Cabell® showed that a weak formed bet ions EDTA i in 
solution, but he did not determine the stability constant of the complex. Further, over the 
_ pH range in which we are interested, 1.¢., 4-1 to 6-5, his curve for the titration of the complex 
-f _ with alkali showed a steadily increasing rate of consumption of hydroxyl ions, which indicates 
_ considerably less hydrolysis of the complex in the lower part of this range. Thus in this 
lower pH region, the stability of the complex may be sufficiently great for complexing by 
EDTA to compete with complexing by oxine. _ Recoveries will be expected to decrease with 
decreasing pH and increasing concentration of EDTA. 
To test this hypothesis, experiments were carried out in which both pH and concentration 
- EDTA were varied. A series of solutions containing 2 wg of uranium-233 per ml was 


treated with | increasing amounts of the disodium salt ton EDTA and the solutions were adjusted 


of hranium-233 extracted a of oxine in decreased with i increasing EDTA 
concentration. For 90mg of EDTA per ml at pH 7, 78 per cent. of the uranium-233 was 
extracted, but only 20 per cent. was extracted at pH 4:1. These very low recoveries were in 
marked contrast with the results given in Table II, from which it can be seen that extraction 
was 100 per cent. at pH 6-5 in the presence of 100 mg of thorium per ml and an excess of 
EDTA of as much as 140 mg per ml. An explanation is readily found; according to =" ‘ 
the thorium - mono EDTA ogee will bind a further molecule of EDTA TA (Y)— oie 
Provided that the second molecule ‘of EDTA (Y) is sufficiently under 
the prevailing pH conditions, complete extraction of the uranium should then be realised at 
all concentrations of EDTA up to that corresponding to a molar ratio with thorium of 2 to 1. § | 


ACCURACY AND PRECISION OF THE METHOD 
— seule ee en in Table III, which were obtained under conditions that are accepted as | 
_ being reliable, show standard deviations of +1-2 and +2-4 percent. An earlier test on sample | 
No. 3977, although at pH 4, had shown a ‘standard deviation of + 1-6 per cent. _ No other 
tests of precision were carried out, but, in the use of the méthod for plant control, agreement 
_ between duplicate analyses was better than 2 per cent. in 80 per cent. of the analyses carried 
- out at the 100 wg per ml level, while at sub-microgram levels, agreement was better than 
10 per cent. No systematic error has revealed itself. 
ae The method is rae a duplicate analysis z at sub-microgram levels taking only 2 hours, 


pie has that a solution of oxine in chloroform or hexone can quantitatively 


— sol 
7 the 
use 
| 
cor 
fro 
dus 
cot 
of 
rat 
in 
to 
cor 
pH 
to 
= 
Ag 
t 
— 
lu 
lc 
S 
th 
ar 
q 
I 
. 
ar 
as 
> 
extfact subD-microgram to mulligram amounts Of uranium from a solution contaiming thorium | fr 


could form complexes with the thorium present. "In the to determine the cfiect 
of pH on the extraction of uranium-233 in the presence of thorium and EDTA, the molar — 
ratio of EDTA to thorium was 3 to 1 and extraction was incomplete below pH 6. However, 
in the ten extractions to test the precision of the method there was a molar ratio of EDTA _ 
to thorium of 3 to 1, but the volume of the aqueous phase was made up to 5 ml, which gavea © 
concentration of EDTA of 20 mg per ml. Interference by EDTA is reduced by raising the — 
pH and complete extraction is readily achieved at higher pH values provided that the amount 7 
of EDTA added is not too great. _ A 10 per cent. excess above equimolar proportions appears _ 
to o be quite satisfactory an and is is recommended, although r much larger excesses can be tolerated. 


a) EFFECT OF EDTA ON THE EXTRACTION OF URANIUM IN THE ABSENCE OF THORIUM 


ieee portions of aqueous stock solution were extracted with 5 ml of a 


per cent. solution of oxine in hexone 


of aqueous Weight Concentration of § pH of 9 
7 pH o stock Uranium-23 233 
mg 


other methods, such as or For a fluorimetric finish, a 
of the solvent should be evaporated on a clean platinum dish before fusion with sodium 

fluoride. eo It is hoped to describe the use of extraction with oxine for the determination of _ 
s, such as bismuth, in Part III of this series. ‘. 

"The use of EDTA in the extraction with a solution of diethyldithiocarbamate in hexone 
dite not prevent bismuth-212 entering the solvent phase, but when the uranium in the solvent 
is to be determined by methods other than counting this is no disadvantage. Also, when 

the delay necessary for bismuth-212 to decay is allowable, this represents a ere ‘simple 

and accurate method for determining uranium-233 in thorium solutions. _ -_ 


— 


Discussion OF THE DETERMINATION OF URANIUM- 233 COUNTING 


_ King and Jackson® have shown that uranium-232 is s likely to be present in om 
produced by neutron irradiation of thorium. They point out, for example, that if a thorium 
ore has contained uranium-238, then its daughter thorium-230 (ionium) will be present in the | 
separated thorium and thorium-230 produces -232 neutron on capture 


— 


‘eee 232 is an alpha emitter and decays with a half-life of 70 years to § give e thorium-228, 
_amember of the thorium-232 decay chain. Hence a process that has separated uranium-233 
from thorium containing uranium-232 will give a product whose apparent activity 
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233 and its daughters, while the latter elements are held in the aqueous phase as their EDTA 
nd £ complexes. Dyrssen and Dahlberg’ have studied the extraction of uranium from perchlorate _ i | 
ns, solutions by solutions of oxine in hexone and in chloroform, and it may be estimated trom — : 
| in § their data that extraction into the solvent phase when a 2-5 per cent. solution of oxine is "4 a 
nay used as the solvent should be complete above pH 3-5. In all experiments, recovery was — 7 
hat complete at pH 4-1 in the absence of EDTA, and often recovery was complete at pH4-1 
e from thorium solutions containing EDTA. It is probable that low results at pH 4-1 were 
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vil lowly increase because of the growth of thorium-228 and its daughters. King and 

ce have also demonstrated that a specimen containing as little as 0-002 atom per c cent. 

3 o e.. uranium-232 may show as much as 2 per cent. contamination 1 year after separation. 


and the alpha activity of the oxine in hexone phase is due only to uranium isotopes. — This" 
2 been confirmed by alpha pulse analysis carried out by Mrs. K. M. Glover. © However, in 
 penent in which uranium-233 is used as a tracer and when concentrations are deter- 
_- mined by direct alpha counting, without separation from possible thorium contamination, — 
METHOD FOR DETERMINING URANIUM-233 IN THORIUM N TRATE SOLUTIONS te b 


0 per cent. wiv 3 solution of 8- er in isobutyl ‘methyl 


.. The analytical methods described separate uranium from thorium and its yew | 


mn —A 2-5 per cent. w/v solution of 8- hy rox cyquinoline i in isobutyl methyl 


372-9 g of the disodium salt of ethylenediaminetetra-acetic 
acid in 500 ml of water containing 80 g of sodium hydroxide and make 4 to J litre. res 

Ammonia solution, sp. gr. 0- ose 4 

Anti-creeping solution—A 20 per cent. solution of chloride containing 2 per 
cent. of a water-soluble glue was found to be suitable), 

"PROCEDURE | FOR 0- 01 TO 1 OF URANIUM- 233 PER ml— 

a With a a pipette place a a suitable volume of sample solution, containing ‘not more than 
ain 6001 mg of thorium, in a 40-ml centrifuge tube fitted with a glass stirrer. Add EDTA solution 

_ to give about a 10 per cent. excess over the thorium equivalent and then bane 3 drops of 

__ Add ammonia solution, sp.gr. 0- -880, until the indicator turns ai Return the colour 
of the indicator to yellow by adding N nitric acid and then add 0-2 N ammonia solution until 
. the colour of the indicator just turns back to blue (pH 2 _ Add 2 ml of oxine solution A, 


that have had 1 drop of anti- -creeping solution evaporated at their centres, 
_ Heat the naa to redness in the flame of a Meker arma cool and count. = 

PROCEDURE FOR TO 100 HE OF URANIUM: 233 PER 


-uranium-233, in a 40-ml ain tube and dilute to 3 ml with water. Add EDTA solution 

_ to give a 10 per cent. excess over the thorium equivalent. Add 2 drops of bromothymol blue 

_ indicator solution and adjust the pH to 7 as previously "Saree ae 

Add 5 ml of oxine solution B, stir for 5 minutes, spin in a centrifuge to separate the 

_ sheen and then stopper the tube. Evaporate duplicate 0-1 or 0-25-ml | portions . of the solvent 
“Note that for a fluorimetric finish to either procedure, suitable duplicate portions | a 


ar, METHOD FOR DETERMINING URANIUM-233 IN THORIUM (NITRATE. SOLUTIONS 


Sodium dicthyldthiocarbamate solution—A and ‘cent. 
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EDTA as described in list, 22, 
Screened methyl orange indicator solution, 
Anti-creeping solution—A 20 per ‘cent. solution of | ammonium am chloride containing 1 per 

PROCEDURE FOR 1 TO 100 Hg OF URANIUM-2: 233 ‘PER mi— 


With a a pipette place a suitable volume of sample solution, ‘containing about 10 ug of 
uranium-233, in a 40-ml centrifuge tube fitted with a glass stirrer. Dilute to 4-ml with 2M 
ammonium nitrate and add EDTA solution to give a 10 per cent. excess over the thorium — 
equivalent. Stir and make just alkaline to screened methyl orange by adding amr ammonia — 
solution and then add 0-5 ml of sodium diethyldithiocarbamate 
a Stir and add N nitric acid until the solution is mauve (not red). Add 5 ml of hexone, © 
_ stir for 5 minutes and add more acid to maintain the mauve colour if necessary. Spin in a 
to separate the phases and then stopper the tube. 

__ Evaporate suitable duplicate portions of the solvent phase on . stainless-steel counting : 
‘ie that have had 1 drop of anti-creeping solution evaporated at their centres. Heat the i 

‘trays to redness in the flame of a Meker burner, allow the bismuth-212 to decay, and then — 
count. Alternatively, for a fluorimetric finish, evaporate duplicate — of the solvent — 
_ phase in platinum fluorimeter dishes for fusion with sodium fluoride. = | 
_ Note that greater sensitivity can be obtained by starting with a —: volume o of sample — 


_ or by evaporating larger of the solvent 
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"MOLYBDATE ‘METHOD: FOR THE DETERMINATION OF (vol, 83 


‘The Molybdate Method ‘for the Determination of 


Phosphorus, Particularly i in 1 Basic ‘Slag and i in — 
D, STOCKDALE 


yellow precipitate of obtained under 
conditions has the empirical formula (NH,),H[P(Mo,0,,),]. H,0, and it is 
transformed into the triammonium salt, by washing it 
: as _ with a dilute solution of ammonium nitrate. Conditions for the complete ie 
removal of phosphoric acid from solution as the former salt have been 
seek wih delimited and the results have been applied to the determination of the eae «| 
phosphorus in basic slag and in steele 
a the precipitate is formed in the presence of substantial concen- 
ae _ trations of sulphates or of ferric salts it is too heavy, and the method used 
to obtain a correct result is to dissolve the first precipitate in ammonia ~~ 
solution, to remove the molybdenum as molybdenum and to re- 
precipitate the phosphorus as molybdophosphate. 
fe i _ Volumetric methods, with and without the use of formaldehyde, — 
etd been examined. Some pH curves are given and the use of ammonium 
paramolybdate as a volumetric standard is described. a 
INVESTIGATION OF THE CONDITIONS FOR PRECIPITATING one 


There is some doubt about the. composition of the salt obtained by pene a solution 
of ammonium molybdate to a solution of an orthophosphate containing large excesses of 
nitric acid and ammonium nitrate. The formula of the salt prepared under the conditions 
to be described later — after the precipitate had been washed with dilute nitric acid and 
dried at 140°C was (NH,),H[P(Mo,0,,),].H,O. It was found that 1877-5 g of precipitate 
(1 gram- formula-weight) were equivalent to 4 gram-equivalents of sodium hydroxide; the 
neutral solution required a further 2 gram-equivalents of sodium hydroxide after treatment 
with formaldehyde. In addition, the ammonia evolved on distilling the precipitate after 
_ treatment with sodium hydroxide was found, on collection in standard acid, to be equivalent 
to 34-8 g per gram-formula-weight (required by formula, 34-0 g) ; also, on heating the precipi- 
tate and the gas over oxide, the water collected i in traps — 


triammonium salt, “with either one or two tha nitric acid in addition, 
_(NH,)3[P(Mo,0 ex: HNO, .2H,O. If the precipitates obtained in these experiments were 


E nitrate. To get more information on this point, precipitates were prepared in the usual 
way and were kept at room temperature after they had been washed. One sample was 


dried in a desiccator over pellets of potassium hydroxide and another was air-dried on a porous § 4 
_ plate, it being found later that there was no substantial difference between the two. As J- 


_ 1877 g of sample were found to be equivalent to 22-51 gram-equivalents of sodium hydroxide 

_ and to 24-48 gram-equivalents after the addition of formaldehyde, there would appear to be 

_ only two ammonium groups present. Other portions of the precipitates were dried at 140° C 
to constant weight and the above-mentioned equivalents were corrected to a “dry” basis, 
becoming 24-19 and 26-30, respectively. As the yellow precipitate is hygroscopic, , these 
J results are consistent with the view that the original material was the diammonium salt of 
the formula given above, but damp and contaminated by a small quantity | of nitric acid. 

_ The pure compound appears to be (NH,),H[P(Mo,0),).H,O. 
When washed with a dilute eo of a nitrate, the diammonium salt passes 

easily into the triammonium salt, (NH 

_ solution used fgr washing. It was found ‘that Te 5g “of precipitate (1 gram-formula-weight) 
were equivalent to 23 gram-equivalents of sodium hydroxide; the neutral solution required 

a further 3 gram- equivalents of ‘sodium | hydroxide after 
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The gravimetric factors for the diammonium and triammonium salts are, "mopeaedy: 
for P, 0-016506 and 0-016  P,O,, 0-03 


 Stirring—Local can persist for long periods in a stagnant solution 
jn the presence of the precipitate, no matter what the composition of the solution. — Stirring, 
| therefore, is essential if erratic aaa are to be avoided. When borderline conditions are — 
being examined, the stirring must be done in some prone way, and in this work it was 
done with a stout glass rod by hand during the addition of the precipitant and thereafter 
for 1 minute every 15 minutes, four times i in all during the hour allowed for precipitation. o 


lent 

cipi- 

lrone 

Volume of nitric acid, er 42, present, ml 


— = + Conditions for the precipitation of molybdophosphate in in bs mlof sy. 
solution at 70°C: x and y, the boundaries between zones A and B and B and C, 4 we 
ad respectively, are for 12-5 g of ammonium nitrate in the solution; similarly x¥,and y, 
are for 25g of ammonium nitrate in solution. Point P indicates the standard y 
_ conditions under which the work described in the paper was carried out. The © 
numerical values indicate the difference, in mg, the calculated and deter- 
molybdic ‘oxide and nitric acid—-Ot ‘the ma many ‘that affect the formation 
of the precipitate, the excess of molybdic oxide used and the concentration of the nitric © 
acid are the most important. These have been investigated, , the precipitates being formed © 
in 1 hour at 70° C from a final volume of 250 ml containing 25 g of ammonium nitrate, stirring © 
_ Pbeing as described above. _ A weight of AnalaR potassium dihydrogen orthophosphate - 
give a precipitate of about 300 mg was taken and the solution was brought to 70° C and so 
id. [adjusted that after the molybdate had been added the final volume was 250 ml with the 
= concentration of the reagents as desired. The molybdic oxide was added as a solution of 
ammonium paramolybdate, in small part from a burette to make up the weight of molybdic 
oxide required, but the bulk, itself at 70° C, from a free-running pipette, this being the last me 4 
adjustment to be made to the solution. i. The results are shown in Fig. 1, the numbers onthe __ 
diagram being the “found less calculated” weights in mg and refer only to solutions com 
, [taining 25 g of ammonium nitrate (full lines). With too little molybdic oxide and too much 
nitric acid, ‘some Temains in solution, ‘but the of these se Teagents 
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experiments the particles of yellow precipitate were coarse and settled out quickly, leaving 
-a clear solution, which became turbid or threw down a white precipitate during the last 
few minutes of the hour. The position of the boundary between zones A and B, therefore, 
_ depends to some extent on the time allowed for precipitation and also, presumably, on the 
temperature. There is, however, a very wide range of conditions, zone B, under which 
precipitates of the correct weight can be obtained. These precipitates have been washed 
_ with untreated nitric acid, and all are therefore slightly light. The following concentrations 
_ have been standardised for much of the further work described in this paper: 1-8 g of molybdic 
oxide in excess, 35 ml of nitric acid, sp. gr. 1-42, and 25 g of ammonium nitrate in a final 
Effect of ammonium nitrate—The broken lines in Fig. 1 show the effect of reducing 
the concentration of ammonium nitrate from 25 to 12-5 g in in 250 ml. This is unimportant 

t with high concentrations of nitric acid. 


Effect of temperature—This was investigated by using potassium utinnin phosphate 
and the standard mixture, with a precipitation time of 1 hour. Results for precipitation 
between 30° and 70° C were satisfactory, but those at 80° C were about 2 per cent. too high. 
Clearly a temperature of 70° C is about the maximum at which the pure molybdophosphate 
can be obtained, and it was decided for greater certainty to adopt 60°C as the standard 
‘temperature for precipitation. This has proved satisfactory for basic slag and for other 
determinations of phosphorus, except in the presence of a large concentration of iron, as for 
phosphorus in steel. In this last analysis precipitates obtained at 60°C were too heavy, 
gs those got at 40° C were of approximately the correct weight (see Table III, p. 32). 
Attempts were made to throw down the precipitate at room temperature (15°C), by 
leaving the solutions overnight with clean air bubbling through 1 them, but about 10 per 


cent. cent. of the phosphate was not precipitated. 


; ae pete Washing the precipitate—Ii the yellow precipitate is washed with pure water, there is 


yg serious risk of it breaking up and passing through the filter as very fine white particles. 
If the water contains a high enough concentration of some suitable electrolyte, this does not 
ate. ae: often used are nitric acid, : ammonium nitrate and oe: nitrate, 

In rare instances, 


“centration is recommended. _ Losses pices ‘washing may be serious. With 2 per cent. 
_ ammonium nitrate, 350 mg of clean precipitate in a Gooch crucible lost about 1 mg per 
100 ml of solution added at the rate of 10 ml per minute. With 2 per cent. nitric acid under 
“the same conditions the losses were 15 to 20 mg. Somewhat crude attempts to measure the 
solubilities at room temperature were made, it being found that the solubility of the molybdo- 
phosphate in 2 per cent. ammonium nitrate was 55 mg per litre and somewhat more in a 
5 per cent. solution. Two per cent. nitric acid reacts slowly with the precipitate, so that the 
true solubility in it was not found. The solubility after 24 hours was 250 mg per litre, 
_ but the solid had completely disappeared after a ‘further 5 days, indicating a solubility 
-_ greater than 400 mg per litre. The effect of potassium nitrate was examined only super- 
- ficially, but it also seem$ to react with the precipitate, losses in the crucible being rather 
Clearly 2 per cent. ammonium nitrate is a suitable liquid for washing, provided care is 
taken not to over-wash. Its use, however, demands that in exact work the precipitates 
_ should be dried at 280° C to eliminate the ammonium nitrate. Acceptable results have been 
ed by using 2 per cent. nitric acid that had been shaken with molybdophosphate, either 
Be ap made or old precipitates contaminated with asbestos, leaving the residues in the 
nitric acid’ overnight and filtering through No. 42 Whatman filter-paper before use. The { 
_ beakers were cleaned with two 20-ml volumes of pure 2 per cent. acid and the crucibles were 
washed with five 10-ml volumes of the treated acid. The precipitates were dried at 140° C. 
This seems to be no more than a trick whereby the loss in weight of the precipitate through 
_ dissolution in the acid is made up by the wa of the solids that the treated acid leaves behind. 


Accidental tntvoduction of phosphorus—It must be remembered that in the determination 
reagents are used. It follows that what appear 
— to be quite insignificant traces of phosphorus in a reagent may have an important effect 


on a result. » In accurate work, therefore, it | is essential either to use a pure phosphate as 
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of ammonium nitrate to the solution to give the desired 
final concentration, and then by adding molybdic oxide as ammonium paramolybdate; a 
solution often used contained 50 g of the salt per litre to which small amounts of ammonia > 
had been added as a stabiliser. A 50-ml portion of this solution contained 2 g of molybdic 
oxide, which will usually give the required excess in 250ml. 
Aprecipitant suitable for general use and free from Phosphorus was prepared as s described 
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Ammonium molybdate reagent—Dissolve 250 g of ammonium nitrate in 250 ml of water 

in a flask and add 350 ml of nitric acid, sp.gr. 1-42. Dissolve 25 g of ammonium para- 
molybdate in 150 ml of water and slowly add this solution to the nitrate solution, shaking 7 
the flask well during the addition. Dilute to 1 litre and add 1 mg of potassium dihy drogen — 
phosphate in solution. Put the flask into a water bath at 60° C and leave it there for 6 hours, a 
shaking it occasionally. _ Allow the solution to cool with the bath overnight and filter it next. 
day through a No. 42 Whatman filter-paper, without washing the filter-paper. a —_ 
= No precipitate formed in a ‘sample of the reagent that was — for 3 months. 


by using a water-bath with crude thermostatic control, and run into it 100 “a of Preferably aI 
molybdate reagent, itself at 60° C.— _ Use a fast-flowing pipette and stir to mix the two solutions _ 
thoroughly. Maintain the temperature for 1 hour, well stirring the contents of the beaker 
from time to time. Collect the precipitate in a Gooch or sintered-glass crucible, using two : 
20-ml portions of 2 per cent. ammonium nitrate solution to transfer it from the beaker, 
and rubbing over the glass with a rubber-tipped glass rod. Wash the precipitate in the 
crucible with five 10-ml volumes of the ammonium nitrate solution the 
For] 12 determinations on dihydrogen phosphate made in groups the 
procedure described above, on different days, the results were: found, 343-9 mg, with a 
standard deviation of +0-8 mg; required, 343-8 mg. With precipitates washed with nitric . 
acid, for 16 determinations on 5 days: found, 343-8 + 0-4 mg; required, 344-0 mg. ‘Saree 


"There is no reason for thinking that these precipitates are other than stoicheiometric. _ ws 
Although there is an element of adjusting the technique to give the desired result when 
weighing as the diammonium salt, this is absent for the other salt, when the precipitates 
were washed until they were only just clean, the test being made by adding a small amount — a 
of ammonium chloride to the solution before filtration and looking for chloride i in the washings. e 
_ The potassium dihydrogen phosphate used came from three sources. A sample from — 
one of the sources was recrystallised from water and also from dilute hydrochloric acid. No> 
difference between any of the five samples could be detected and therefore it seems probable e 
that all were of high purity. The samples were dried at 110°C for 1 hour _ before use. 
Additional evidence about the of the phoaphate is given on Pe 
a The slag analysed was a sample of Basic Slag / A an the British Chemical Standards 
series, used in the ‘‘as received” condition. This slag had been examined by 16 analysts 
by a variety of methods. Their mean result was 12-92 per cent. of P,O;. For gravimetric - 
and volumetric molybdate procedures only (15 results), the median result was 12-88 per cen cent. 
and the mean 12-96 per cent., with a standard deviation of 0- ‘21 per a SS ee 
_ -_In the analysis of slag, the reagent used to get the phosphate into solution must not 
interfere in the precipitation of the It should be efficient in that 
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~ further treatment of any insoluble residue should be necessary, and the siieiions should ~ 
— quick to filter. The efficiencies of hydrochloric, nitric, perchloric and sulphuric acids have 
_ been examined for these requirements, the usual methods for extraction being employed. 
_ At some stage, and more particularly during the final stages of washing, filtration was always 
a slow, but from this point of view the treatments with hydrochloric and perchloric acid were 
_ of about equal efficiency and markedly superior to the others. All the acids left coloured 
~ residues containing phosphorus, which were got into solution by fusion with sodium bicar- 
bonate after digestion with hydrofluoric acid. In this respect hydrochloric acid was the 
= least efficient. — It was found, with 2-g samples, that about 1 per cent. of the phosphate 
was retained in the residue after the treatment with hydrochloric acid, while the phosphate 
- left behind by each of the other acids was about one-third of this. It would seem, — 


4 treatment, and that there is nothing to be gained by departing from the well tried sehiibery 
opening with hydrochloric acid. _ a work of a less exact nature, perchloric acid might be + 

__.The determinations were made on aliquot portions - representing about 100 mg of slag 
and ry | about 350 mg of molybdophosphate, at least two solutions of the phosphate 


ammonium salt was produced and the determinations were made with and without controls 
of pure potassium dihydrogen phosphate. As is to be expected in view of the results given 
_ earlier, the effect of controls on the final result was either very small or 7) _ All the 


results are shown in TableI. | | 


Number fons Range of P 205, P.O, per 100 parts 


a 


From these results it is seen that, the anomalous re result with acid “the 
means do not seem to be significantly different and give a final meas of 12-72 ia cent. of 


P 205. This i is about 1 in 50 lower than the stated content. 


Precipitates “produced in the presence of substantial concentrations of sulphuric acid 
_ or of ferric salts are always heavier than expected, sometimes to the extent of 20 mg in 300 mg. 
¥ ze he traces of sulphate or iron they contain are in no way sufficient to account for this increase 

in weight. It is thought that in the presence of these ions a precipitate of a molybdophosphate 

_ Ticher in ‘molybdenum than the duodeca salt is formed in part. If this view is correct, it 


> - difficulty. _ To substantiate this view, precipitates made from potassium dihydrogen phos- 
phate were e heated to 470° C and weighed as P,O,.24Mo0,, it being expected that any occluded 
é sulphate would be eliminated at this temperature. The results were as follows: required, 
_ 366-8 mg; found, in absence of sulphate, 366-1 mg; _ found, after precipitation from 250 ml 
containing 5 g of ammonium sulphate, 388-3 mg. In another experiment, precipitates were 
_ made with and without the addition of ammonium sulphate. The ratio of their mean weights 
: Was 1-052. These were then determined volumetrically, when the ratio of their sodium } 
hydroxide values was found to be 1-048. The interfering sodium 
_ hydroxide, = must, I ‘think, be ‘molybdenum trioxide. 
general similarity between the ‘sulphate and perchlorate ions gave rise to the 
rs expectation that the precipitates would be too heavy when thrown down in the presence of 
_ perchlorates. a In om Pee, in which pure potassium dihydrogen phosphate and 18 8 
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; per 250 ml of perchloric acid were used, the mean weight 0 of the precipitates was 390- 7 mg, Pe 
- the calculated weight being 383-0 mg, and the sodium hydroxide ratio was 1-024. The 
- standard deviations were large, as with sulphate. The effect, therefore, exists, but it is 
unlikely to prove of importance in practical analysis, as the concentration of acid used in — 
these experiments was many times that likely to be found in a solution from the extraction _ 


he | _—iIt also seemed that it might be possible to lose phosphoric acid by volatilisation when 
~ fuming with perchloric acid, as with sulphuric acid. Therefore, some potassium dihydrogen — 
te | phosphate was fumed with 10 g of 60 per cent. perchloric acid, the operation being more > 


| prolonged than would have been necessary in the extraction of a slag. The first effect should = : 
| have caused the weight of the precipitate to be rather high; this second effect would cause . 
it to be low. In fact, about exactly the calculated weight was obtained. It would seem, = 
therefore, that this second effect also exists, but again to an extent unlikely to prove of 


J We "Many unsuccessful attempts have been made to purify molybdophosphate | precipitates 7 
by simple dissolution in an alkaline liquid followed by re-precipitation from a solution con- - 
taining nitric acid. Stoicheiometric precipitates made from potassium dihydrogen phosphate ~ 
were almost invariably heavier after such treatment. The reason for this has not been — 
found, but the only successful method of purifying precipitates that were heavy because 


ond they had been made in the presence of sulphate or iron was to remove the molybdenum 
4 and to make a fresh start with the solution of a acid ri P. 30). - 

THE MAGNESIUM PYROPHOSPHATE METHOD— 

The purity of one | one of the samples of potassium after being dried, 

n, | but without recrystallisation, was tested by the method of Schmitz, the precipitates weighed _ 
s  § being either magnesium pyrophosphate or magnesium ammonium phosphate. The salt 
_ | appeared to be about 99-7 per cent. pure. This low result was accounted for in part by the 

Nas dissolution of the magnesium ammonium phosphate during washing. No phosphate could _ 
a | be found in the solution from which the salt had been precipitated, but the later He-gome es 
__ | after concentration always gave a yellow precipitate by the molybdate test. _ The final resul It 
x | for the purity of the cee acta after “correcting for this ane was 99-83 + 0-10 per cent. 

As” is well known, the molybdophosphate will form quantitatively in a solution 

acid 

. amount of precipitant used. : This is shown in Fig. 2 2 thee oral X near the curve for the 
hate — Steel containing 0-076 per cent. of phosphorus refer to experiments in which the nitrate ion — 
t, it § Yas replaced by the perchlorate ion—there is no improvement. There is, however, some — 
the § improvement if the precipitate is formed at 40° C instead of at 60° C, and indeed it is possible 
hos- } t© get reasonable results at the lower temperature by a single precipitation, followed by 
ided cither gravimetric or volumetric analysis. Some representative results are given later. 
ired, 5. The horizontal lines, x, in Fig. 2 represent the limiting conditions under which a quantita- _ 

0 ml | tive result can be obtained with a solution of pure potassium dihydrogen phosphate, and show 
were } the marked retardation caused by iron 1. The vertical lines represent estimates of the weights — 
ights of precipitate that should have been obtained from the steel used. It might be thought 


that it would be possible to devise a method in which only a limited excess of oxide is used, — 

€ |as shown by the intersection of these lines with the curves (about 2-4 g in Fig. 2), but attempts _ 

[to do this gave unsatisfactory results. Under this condition the weight of precipitate 

obtained is sensitive to small changes in experimental detail, and the results lacked precision. _ 

_ — If the earlier findings of this paper are correct, namely that the increase in weight of 
i the precipitate is due to excess of molybdenum oxide and that this cannot be removed by © a 


188 | gravimetric compounds in that they are completely insoluble in the mother liquors and - i. 
itv ‘would seem reasonable to isolate the the by using a large 
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> excess of molybdic oxide to be quite ¢ certain of complete precipitation, to remove the molyb- 4 


v - from what would be essentially a solution of orthophosphoric acid free from interfering 
substances. method on these lines is described below. 


e, g per 


id 


Excess of molybdic oxi 


> 


| 


0-05 


‘steel 0-028 per cent. of at 60°C; curve B, 2g of a steel 
containing 0-076 per cent. of phosphorus at 40°C; curve ret 3 g of a steel contain- =r ml. 
i 0-076 per cent. of phosphorus at 60°C. Points marked X near curve C | 


represent an experiment in which nitrate ions were replaced by perchlorate ions. gel 
Oana y, ¥, and y, represent the theoretical weight of precipitate; the abscissa 


represents the limiting conditions| when dihydrogen phosphate is 

ammonium um molybdate reagent—A solution containing 40g g of ammonium 
molybdate, 250 g of ammonium nitrate and 250 ml of nitric acid, sp.gr. 1-42, per litre, made 
_as described on p. 27. As this solution is slightly unstable, after a week or so a small deposit 
4 forms. The solution should be decanted from this before use. 
4 Dilute ammonium molybdate reagent—A solution containing 20 g of ammonium 1 molybdate, 
= g of ammonium nitrate and 250 ml of nitric acid, sp. gr. 1-42, per litre. Pr Las was no 

"precipitate after the solution had been kept f for 3 months 


— To 2g of the steel and 40 ml of water in a covered 400-ml Soke add 20 ml of nitric 
acid, sp.gr. 1-42, in such a way that the reaction does not get out of control. (Note 1.) 
a Gently boil the solution on a hot-plate until most of the nitrous fumes have been driven out. 
Add 2 ml of .2-5 per cent. w/v potassium permanganate solution, stir and continue to boil 
for 3 minutes. Dissolve the manganese dioxide by adding water saturated with sulphur 
_ dioxide drop by drop to the stirred solution (about 1-5 ml may be required) and continue the 
gentle boiling for 2 minutes longer. Dilute the solution to 150 ml with water, and heat it 


to 60° a Add 100 ml of concentrated ammonium molybdate reagent, itself at 60° C, to the 
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stirred solutions, delivering a Stir the of the beaker 
from time to time and filter through a 9-cm Whatman No. 40 filter-paper after 1 hour. | Rinse 
‘the beaker twice with 2 per cent. ammonium nitrate solution at room temperature, using Sh 
20-ml portions. Wash the paper four times with 10-ml portions of this solution. Discard 
__ Drip 5 ml of diluted ammonia solution (1 + 2) on to the paper and collect the filtrate’ 
“in the original beaker. Cover the funnel with a clock-glass. When all traces of the yellow 
precipitate have disappeared, wash the paper with six 10-ml portions of near-boiling water. 
Bring the volume of the filtrate to 100 ml and pass in hydrogen ped until there is no 
- further change of colour. Dilute 10 ml of diluted hydrochloric acid (1 + 1) to 50 ml in a 
400-ml beaker. Pour the acid into the sulphide solution and raise the temperature nearly 
to the boiling-point. Filter the solution through a 9-cm Whatman No. 40 filter-paper, 
collecting the filtrate in the beaker used for the hydrochloric acid. _ Wash the beaker with | 
“three 20-ml portions of near-boiling 1 per cent. hydrochloric acid, using a rubber-tipped aa 
- glass rod to remove the last traces of precipitate, and then wash the sit saaail on the ‘Paper 
‘seven times with the hot acid (see Note 2). 
Pe. Reduce the <a to about 30 ml by ev vaporation. _ Dissolve e any precipitate by ac af 


continue the as before. Collect the precipitate ina or sintered- 
crucible, washing it as before, but using five portions of the ammonium nitrate when washing _ 
it in the —- _ The use of a rubber- -tipped glass rod is essential. Dry the precipitate 7 


| 


As cant 5 ml of nitric acid are are pany per g of steel, about 10 ml of nitric acid — 
phosphate may be retained by» the molybdenum sulphide, the ] precipitate 
‘a must be washed thoroughly, and the correctness of the washing technique used should | Bie ail 
e be checked from time to time by dissolving the molybdenum sulphide and testing for __ 
phosphate in the solution. Almost certainly some molybdenum sulphide will pass 
4 into solution during the washing and will appear as a brown scum when the filtrate _ 
_isevaporated. This scum is dissolved by nitric acid and the presence of this a 


_ METHOD FOR DETERMINATION BY SINGLE PRECIPITATION 

the solution of 2 ‘of steel as described above under the molybdenum sulphide 

method. Bring the volume to 150 ml and the temperature to 40°C. Add 100 ml of con- 

centrated ammonium molybdate reagent, itself at 40°C and refiltered if necessary. Stir 

the solution from time to time. After 1 hour, collect, wash, dry and ones the <a - “7 

as described above for the ‘molybdenum ‘sulphide 

aa These methods have been tested against the British method? 

controls made by adding potassium dihydrogen phosphate to a solution of high-purity iron. — 

In the British Standard method the phosphorus is precipitated as molybdophosphate after - 

re removal of silicon by baking and of arsenic by means of bromine. The phosphate is © 


then converted into lead molybdate and is weighed as such. The iron used was A.H.R.4, 4 
supplied by the courtesy of the British Iron and Steel Research Association and declared — | 
to contain less than 0-001 per cent. of phosphorus. Somewhat uncertainly, by a a ¢ difficult — a 


it was found to contain 8 p.p.m. of phosphorus. 


"The steels analysed were from the British Chemical Standards series. They were q 
B.C.S. Nos. 240, 232 and 152 and were . declared to contain about 0-028, 0-076 and 0-083 _ 
cent. of phosphorus, respectively. There was nothing unusual about their content of other 
elements, except that No. 152 contained 0-24 per cent. of sulphur and 0-015 per cent. of 
arsenic. The steels had been analysed by groups of independent analysts by the British 
Standard method for the most part, for an older for which a 
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4 ad at least four determinations were made e for each s steel by « each method (see last 


column of Table III). These were made in groups, each group consisting of two samples 
of asteel and two controls containing a similar weight of phosphorus made by adding known 
weights of potassium dihydrogen phosphate to high-purity iron. _ The phosphate was added 
_ to the control at the earliest possible stage and the two pairs were treated as nearly as possible 
in the same way. _ It was expected that day-to-day variations in technique would cause all 
ui the results of a group of four to have errors of the same sign. It was found, however, that 
‘the. errors were nearly random and that the final results would have been almost the same 
- had the controls and the steels been treated apart. The results were in small groups and 
_ the standard deviation for each was calculated. If the deviation for a result was more than 
twice the standard deviation, that result was rejected on the ground that a “wild” result — 
might have been caused by an abnormal error: in any event its inclusion in such a small 
_ population would no doubt have an undue effect. Of 94 determinations in 15 groups, five, 
_ of which four were for steels by the British Standard method, were rejected in this ' 
6% 


_ DETERMINATION OF PHOSPHORUS IN eee RESULTS OF CONTROLS 
Method found (F), sought (S), F-S determinations 
Points to note in Table II are the exceptionally high got for low-phosphorus 
steels by the British Standard method and that the “found” values are always high. | It 
may be that all the methods have a bias in the high direction, but it is more probable that 
phosphorus has been accidentally introduced, because the differences do not depend on the 
amount of phosphorus sought. The appearance of 0-02 mg of phosphorus from the reagents - 
or elsewhere would account for this discrepancy. 
_ _The results for the steels are given in Table Ill. ‘The found-less-calculated values were 
ep for the controls and were applied to the absolute results got for the steels. The — 
mis after adjustment in this way are given in the fourth column of the ) Table. ‘ 


of P 


0. 240 


2 


— 


Molybdenum sulphide .. 00741 
Single precipitation .. .. 0 


.C.S. No. 152 Molybdenum 
(Single precipitation .. 0796 
ek 


_ In an attempt to obtain some idea of the precisions of the three methods, heels 
- for the low-phosphorus controls and steel were collected together to give reasonably large 
_ groups, and so also for the high-phosphorus determinations. The grouped standard deviations — 
are shown in Table IV. There is some indication that the British Standard method is the 


least at for steels containing substantial quantities of 
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ary 1958). PHOSPHORUS, PARTICULARLY BASIC § SLAG AND IN STEEL 


| The results given in the Tables have ‘been examined statistically at some but 


little has emerged. It seems probable that there is no significant difference between any 
of the controlled mean results got by the three methods , except that the iia 
sulphide method may have given a lower result for B.C.S. No. 152. This is the steel a 
contains 0-015 per cent. of arsenic, and it may be that the sulphide method eliminates arsenic — 
or some other interfering element more thoroughly than do the other methods. The eel 
ference, if any, is very small, and is equivalent to about 1 part per hundred thousand of 
phosphorus. _ The method of additions showed that small quantities of chromium, silicon, - 


| titanium and do not interfere in the sulphide | 


DETERMINATION OF PHOSPHORUS IN” STEEL: PRECISION OF RESULTS 


Standard 


deviations for 


_ Molybdenum sulphide .. +2(10) + (22) 2 (10) 4 +6(23) 
Single precipitation = .. +7 (10) (16) (10) + 4 (16) 
_ Columns (a) refer to results ren the rejection of five | determinations (see Pp. 32); ¢ ee (6) refe 
to all results. _ The numbers of determinations are shown in brackets. 


COMMENTS ON THE BRITISH STANDARD ‘METHOD =. 


a: In this method the use of a rather greater ipeniidnaiaties of molybdic oxide in the. initial ia 
precipitation of the. molybdophosphate than is employed here is recommended. I should, — 
therefore, expect the results given by the method to be rather high. Co-precipitation of 7 : 
lead orthophosphate with the lead i oon might also cause the results to be high. y On 


and repeated stirring, but says only * ‘shake the solution until the precipitate forms and allow 
to stand on the bench for 20 min.” These effects might quite well lead to a correct final 
but a rather large deviation is s perhaps to be expected. 
Collected precipitates of lead molybdate have been examined from time to time and © 
obianialls has always been found in them, but only to a trifling extent. My estimate is 
that the co- aa econ: of phosphate causes the final result to be high by 1 in 2. 8=— 


steels. In these experiments the for the precipitation as 
was followed as closely as possible. The mother liquor was then diluted and the phosphate _ 
it was precipitated as suggested earlier in this paper, 1 hour being allowed for the salt to 
form. — The final weighing was as lead molybdate. | Each experimental result in the Table 


is the mean of four determinations that differed rather widely a themselves. —— 

Paospnonus IN RESIDUES BY THE ‘BRITISH: ‘STANDARD ‘METHOD: 


2-g samples of steel were taken in ¢ in each .ch experiment 


ii inmain Lead molybdate Lead m 
residue, lead molybdate, sought, 
B.C\S. Steel No. 1520. 0-0153 0- 244200 
a> 


The calculated for the 0-075 § g of lead for B. s. No. 240° 
at 0-026 per cent. of phosphorus and 0-225 g of lead molybdate for B.C.S. No. 152 at 0-079 per A 


cent. of phosphorus. These results confirm those Table Iil, that without controls 
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“high results for the steel low in phosphorus that those the « were 
correct. There is always, however, an important fraction of the phosphorus left in solution. 
_ There must be compensating errors, and hence the experimental conditions must be varied 
_ little as possible if a high precision is to be obtained. It will be seen from Table V that, 
if a control is applied at either stage, the effect will be to give approximately \ correct results: 

e e. It is suggested that the reason for the relatively large precipitates got for the low- ghee 
fo steel is that when the phosphorus content is low, the precipitate is somewhat slow 
to form, its grain size is small and it settles ai so leading to le to less nies een A ip 


~ It should be noted that, although the results got for the controls we were aE “nearly 
co rrect or slightly high, the percentages of phosphorus both in the slag and in the steel as 


‘now determined are definitely lower than the accepted values, by — 1 in 50 ™ nd , 


} slag and by about 0- 002 per cent. for the sted a ‘abet 


VOLUMETRIC F FINISH F¢ FOR DETERMINING PHOSPHATE. 
Possibly the volumetric methods for the determination of phosphorus that are now most 
used are based on the method of Pemberton.** Pemberton washed his precipitates with water, 
dissolved them in standard potassium hydroxide and titrated the excess of hydroxide with 
nitric acid, with phenolphthalein as indicator. He standardised his acid against sodium 
carbonate. He stated that his precipitates were the triammonium salt ond that 23 gram- 
alents of base were equivalent to 1 gram-atom of phosphorus, “> 


R;[P(Mo,0,,),] -+ 23ROH R,HPO, + 12R,Mo0, + 11H,0, with R = or NHy. 


_ Pemberton’s method was followed in general outline in the present work. After the 


gravimetric analysis, dry precipitates of known weight were dissolved in an excess of sodium 
_ hydroxide that had been standardised against AnalaR potassium hydrogen phthalate, and 
a the excess was titrated with hydrochloric acid, with phenolphthalein as indicator. It was 
found advantageous to have some of the hydroxide in a second burette, to overshoot the 
_ titration with the acid and to finish with the solution a very faint pink, at a pH of about 8. 
“a _ There have been many suggestions that better results are to be obtained by the elimina- 
tion of the ammonia before the completion of the titration. This can be done either by 
heating the precipitate to about 450°C by boiling the solution in sodium hydroxide, or 
through the use of formaldehyde. The last of these methods i is the most convenient and it 
~ addition to the Pemberton equation, the relevant equations ; 


+ 24ROH -> R,HPO, + 12R,MoO, + 13H, 
+ 26ROH R,HPO, + 12R + 14H,0 


* 5 It v was found for the diammonium salt that without and with formaldehyde 1 swe 
- formula-weight was _ equivalent, respectively, to 23-96 + 0-16 and 25-98 + 0-13 gram- 
equivalents of sodium hydroxide, and | similarly for the triammonium to 23-02 + 0-07 and 
25-73 + 0-09 gram-equivalents of sodium hydroxide. The number of titrations in each group 
was about 20, about 350 mg of precipitate being used for each titration, with approximately 
= ‘25 M hydrochloric acid and sodium hydroxide. The deviations given are the standard 
deviations . Reasons for the low result for the triammonium salt after the elimination of 
ss the ammonia, and for the greater precision of the work with this salt, have not been found. | 
ae Leis In routine analysis it will usually be undesirable to eliminate by heat a reagent used i in 
washing and therefore the work on the diammonium salt is of academic interest only. If, 
___ however, the precipitate is collected on a pad in a filter crucible and washed with a dilute. 
solution of ammonium nitrate, in accordance with the technique described on p. 27, with 

a Single final wash with 20 ml of absolute ethanol, and dissolved straightway in sodium 

_ hydroxide, good results can be obtained relatively quickly. For precipitates made from a 

a solution of potassium dihydrogen phosphate, and collected on asbestos pads, after the 
removal of the ammonia with formaldehyde the results were as follows: required, 18-81 ml 
of the standard hydroxide; found, after correction, 18-87 + 0-03 ml. The correction for the 
nitrate retained by the pad was only 0-03 ml of 0-25 M hydroxide. The conclusion is that 


in outline the method of Pemberton is quite and so if 
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Y IN BASIC SLAG AND IN STEEL TEEL 


phosphate. If, however, the precipitates are washed with water, as advised by Pemberton, Ae 
there is serious risk that they will break up and pass through the filter. Phenolphthalein | 
is satisfactory as indicator, and there is little to be gained, and indeed there may sometimes 
be a small loss of accuracy, through the use of formaldehyde. 
| The commoner practice is to wash the precipitate with a solution of potassium Jide 
“instead of ammonium nitrate. The potassium ions replace the protons as before and a 
neutral molybdophosphate is obtained. This method has not been examined in detail, 
but it seems to be satisfactory even though the yellow precipitate is substantially more 
soluble in the 2 per cent. potassium salt than it is in 2 per cent. ammonium nitrate, as an — 
examination of the used washing solutions will show. The cationic exchange, however, 
does not stop with the replacement of the protons, but one of the ammonium groups is 
teplaced also to give (NH,)K,[P(Mo,0, )4). This exchange, which takes place fairly easily, 
| has little effect on the result of an ordinary titration, but 24 gram-equivalents, somewhat 
Prange | of sodium hydroxide are required per gram-atom of phosphorus if formaldehyde 
is used. If this salt is kept under a dilute sctution of potassium nitrate, the solid remains - 


displacement to to give a soluble salt. 


=| 


with formaldehyde. The theoretical end- are shown on each 


_ Some of the pH curves plotted during this work ¢ are e reproduced i in Fig. B:a . Cambridge 


_ pH meter was used. . Usually about 350 mg of the salt were dissolved in 25 ml of 0-25 M 
: sodium hydroxide and the solution was then titrated with 0-25 M hydrochloric acid, so that 
1 ml of acid represents about 1-4 gram-equivalents per gram-formula-weight. The calcu- 

_ lated end-points, on the basis of the equations, are shown on the curves. An indicator 
i, that changes near ‘pH 8-0 is suitable, and phenolphthalein would seem to be the best in © 
view of the ease with which the first appearance of red can be seen. As none of the curves 
for the ammonium salts shows an abrupt change of slope, it is somewhat surprising that 
* _ the precision to be obtained in an ordinary titration is as great as it is. The destruction of the 
' ammonia with formaldehyde approximately doubles the rate of change of the pH near 
the end- “point for the triammonium but the ‘Greater introduced the use 
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36 
this reagent counter- balances this not lead | to an increase in precisio 
‘The curve for the “synthetic” salt was obtained or suitable 


| 


‘Nithough Pemberton, is so that an to improve on it 
is perhaps redundant, the matter has been pursued further by introducing ammonium para- 
Bm spe (NH, ),(Mo, O,,).4H,O, as an analytical standard. Such samples of the AnalaR © 
_ grade of this salt as I have handled have been without exception of very high purity, and 
_a preliminary check of the purity can be made by heating the salt to 300°C. Most samples — 
may then lose a trifle more weight than the theoretical and acquire a slight bluish tinge. ~The — 
; weight is regained and the blue tinge lost on moistening with nitric acid and reheating. Two — 
6g samples lost 1-1079 and 1-1081 g (required, 1-1083 g). Had a sample contained 1 part 
z _ per thousand of non-volatile impurity the loss in weight would have been 1-1072 g- The 
' q _ powdered salt is stable when kept in a desiccator with technical calcium chloride. As the 


_ end-point with phenolphthalein is very poor when the salt is titrated with sodium hydroxide, e § 
the removal of the ammonia with formaldehyde is essential. Portions of the paramolybdate 
and the yellow precipitate are dissolved separately in an excess of sodium hydroxide and | 

: q neutral formaldehyde is added; the solutions are titrated with hydrochloric acid after 
g ~1 15 minutes, with slight over- -shooting, and the end-point is reached by adding a few drops al 
_ of hydroxide. _ As titrations can be carried out in exact parallel, uncertainties about the | 
ad ‘complete destruction of the ammonia are partly eliminated. In these experiments the spent 
solutions were kept and the end-points were again determined after 3 hours and again next 
day, the additional sodium hydroxide required after 3 hours being 0-2 or 0-3 ml in 50 ml, — 
_ and 0-05 ml next day. The results obtained after 3 hours were slightly better than those ! 
obtained after 15 minutes, but nothing was gained by putting aside the flasks for a longer 
time. When about 350 mg of weighed, heated diammonium molybdophosphate and 500 mg — 
a paramolybdate were used, the ratios by volume of 0-25 M sodium hydroxide for equal — 
weights of the salts were 1-226 + 0-004 after 15 minutes and 1-223 + 0-004 after 3 hours J 
(required, 1-223). Starting from potassium dihydrogen phosphate without 
_ weighing, the ratio of volumes for 0-1 g of phosphate to 1 g of paramolybdate were 1-689 — 
; - 0-003 and 1-686 + 0-004, respectively (required, 1-686). The results after 3 hours are 
slightly more accurate and rather more precise than those obtained by using sodas wae : 


against potassium hydrogen phthalate. pe 
Guidance in the statistical analysis was given by the late Mr. J. Wishart. — I thank 


Pemberton, H., J. Chem. Soc., "1893, 15, 
Ibid., , 1894, 16,278, 
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€ _ single samples of tissue of about 1 mg dry weight is described. Lipids are i : 
a extracted with organic solvents and determined by oxidation with chromic acid. ya 
Acid-soluble substances are extracted with cold N sulphuric acid and carbo-— 
hydrate is determined in this extract by the anthrone method. Nucleic» 
B's: acids are extracted, together with the remaining carbohydrate, with hot N ae 
; os Ams perchloric acid. _ The carbohydrate is determined by the anthrone method Ae 
ee and the nucleic acids are determined by ultra-violet absorption. Deoxy- > = 
Ale in ribonucleic acid is determined by reaction with indole and ribonucleic acid 
is found by difference. Protein nitrogen is determined in the residue. The 


method is straightforward and reliable. Pram) 
In previous studies the fractionation procedure of Schmidt and Thannhauser! has been 
applied to small amounts of tissue, such as tissue cultures, for the determination of ribo-— 
nucleic acid and deoxyribonucleic acid.2_ Other components of tissue have been determined,?+4 
but this has usually involved the analysis of replicate specimens, owing to the very small — 
amounts of material available in tissue culture studies, and the necessity to prepare the 
samples for analysis in different ways. The method to be described, which is applicable — 
to a very wide variety of tissues, was evolved to overcome this _— ¥ it ‘is a on 
Schneider’s procedure’ for the determination of nucleic acids. 


4 


_ Before fractionation is commenced, it is necessary to remove any medium or serum © 
adhering to the tissue without yaa cell constituents. It was found that — could — 
be done by washing the tissue rapidly with a physiological salt ‘eaten 


DETERMINATION OF LIPID— 


A modification of Bloor’s method® for determining total lipid by the colorimetric ee ~ 
‘ miabdion of the lipid-soluble material that can be oxidised by chromic acid was used, the __ 
_ intensity of the coloured solution being measured at 620 mu. It was found that prior extrac- 
tion of the tissue with the usual acids interfered with the reaction, since trichloroacetic acid __ 
_ appeared i in the solvents and perchloric acid caused oxidation of the lipid material on evapora- _ 
tion of the solvents. By performing the extraction with fat solvents first, as in Ogur and — 
Rosen’s procedure,’ "these difficulties were avoided. An ethanol - ether mixture was used _ 
‘as the first solvent in order to minimise the risk of extracting protein. A carbon tetra- 
chloride - ether mixture was used as the second solvent, as the more usual chloroform 
interfered in the colorimetric reaction. Subsequent extraction of the lipid solvents with 
1 per cent. sodium. hydrogen carbonate solution gave slightly lower results for lipid material, 
presumably owing to the removal of small acid radicles. The mean of six determinations — 
of lipid in embryonic chick liver by Bloor’ s method without extraction with 1 per cent. sodium | 


| six determinations after extraction with 1 - per cent. sodium hydrogen carbonate was 642 He, 
a standard deviation of +15 

DETERMINATION OF NUCLEIC /ACIDS— 


The procedure. of Ceriotti® was modified. ‘results were obtained for some 
tissues by the original fractionation, but it was found that with others, especially embryonic 
chick tissues, a constant loss of ribonucleic acid occurred during treatment with cold per- 
chloric acid. It was observed that pure solutions of ribonucleic acid were much more stable _ 
to treatment with trichloroacetic acid or sulphuric acid than they were to perchloric acid — 
and, when lipid extraction of the tissue was performed as N acid» 

at 
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DETERM INATION OF THE CONSITUENTS oF 

be used to remove acid-soluble material. Thereafter, ‘measurement 
_ the ultra-violet absorption and determination of the deoxyribonucleic acid by the indole 
_ method® in a warm perchloric acid extract, as described by Ceriotti,® gave results for ribo- ] 

nucleic acid and deoxyribonucleic acid in good agreement with those obtained by the Schmidt — 

and Thannhauser procedure (see Table I). Trichloroacetic acid was not used for the extraction 

of the acid-soluble substances, since its ulta-violet absorption interfered with we “nal 


OF AMOUNTS OF RIBONUCLEIC ACID AND “DEOXYRIBONUCLEIC ACID 
| DETERMINED BY THE SCHMIDT AND THANNHAUSER PROCEDURE AND BY THE | 


p “Ratto of 
X to y 


Embryonic chick liver. 


aa It was expected that protein nitrogen could ‘ee determined in the residue after the 
a - fractionation procedure had been completed, since, as shown by the following results, there 
3 was no loss of protein nitrogen at any stage during this procedure. _ The results for protein 
nitrogen in aliquots of horse serum determined in the residue after (a) extraction with lipid 
solvents, (b) extraction with lipid solvents and three extractions with cold N sulphuric acid — 
_ and (c) extraction with lipid solvents, three extractions with cold N sulphuric acid and two 
| extractions of 30 minutes each with N perchloric acid at 70°C were 1200 + 22 pg, | 
1236 + 53 wg and 1200 + 45 yg, 
id However, in some tissues a considerable deficit was found between the ] protein ‘nitrogen 
: 4 determined in this way and the total nitrogen that could be precipitated by trichloroacetic § 
acid. In order to exclude the possibility that protein nitrogen might be lost by hydrolysis — 
in the warm perchloric acid, the distribution of nitrogen in the different fractions was investi- ‘3 
gated (see Table II) . Although a considerable amount of nitrogen was found in all fractions, — | 
the amount found in the perchloric acid fraction was not more than could be acco 
by nucleic acids, which indicates that —,, of protein at this stage is probably negligible. ss 
DISTRIBUTION OF NITROGEN 1N EHRLICH MOU 
aterial tested total nitrogen, 
Lipid fraction .. 4 
_Salphuric acid fraction 
ia perchloric acid is not removed before protein is digested, the results for nitrogen 
may be low, owing to decomposition of ammonium perchlorate’ and therefore a single wash 
trichloroacetic was s introduced before carrying out the 
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958) 
All reagents should be of recognised analytical grade. 
Balanced salt solution—Prepared by dissolving 80 g of sodium chloride, 4 g of potassium se 


abeeite 1-4 g of calcium chloride and 2 g of magnesium sulphate, MgSO,.7H,0, in 1 litre 
: of distilled water. For use, dilute the solution 1 mt with distilled water. The solution — 


Ethanol - ether mixture (3 +1 v/v). 


Ether carbon tetrachloride mixture (3 1 e/a). 


Sulphuric acid, N and 10 N. 


 Perchloric acid, N and 4 N. 

——_Sodinm hydrogen carbonate solution, 1 per cent. w 


Ammonium molybdate solution, 2-5 per cent. 
al Aminonaphtholsulphonic acid reagent—Prepared by dissolving 1 g of l-amino-2- -naphthol- _. 
4 sulphonic acid, 59-5 g of sodium bisulphite and 2 g of anhydrous sodium sulphite i inllitre | 
Chromic acid—Prepared by dissolving ‘12-5 g of silver dichromate in 500 ml of concen-— 
trated sulphuric acid. (As a precipitate may be formed when analytical-reagent grade 
sulphuric acid is used, it may be necessary to use the ordinary grade.) _ arr Iteeciy- olathe al 

Anthrone solution—Prepared by dissolving 200 mg of anthrone in 1001 ml of 25 5N NO 
Indole solution, 0-04 per cent. 
Selenium dioxide containing 1 per . of selenium dioxide in. 
Nessler reagent (modified) —Prepared by adding a a solution of of gum acacia in 
| 750 ml of water to a solution of 4 g of potassium iodide and 4 g of mercuric iodide in 25 sml 
of water and d adjusting the volume to 1 litre. 


e tissue is collected i in a iiss tube and, after it rom been spun in a centrifuge, 
row medium is discarded. | Then 2 ml of the balanced salt solution are added and the tissue is | 
stirred with a platinum wire and quickly spun in a centrifuge, the supernatant liquid —— 
discarded. A 2-ml portion of ethanol - ether mixture is added and the resulting mixture is 
_ shaken and then set aside for 15 to 20 minutes at ‘Toom temperature; it is then spun in a 
centritage and the supernatant liquid is collected. This procedure is repeated, first with 
2 ml of the ether - carbon tetrachloride mixture and then with a further 2 ml of the ethanol - 
_ ether mixture, the supernatant liquid from each being combined to form the lipid fraction. 
To the residue in the centrifuge tube are added 2 ml of ice-cold N sulphuric acid. The 
contents of the tube are mixed and left at 0°C for 10 minutes, with occasional stirring, 
and then spun in a refrigerated centrifuge, the supernatant liquid being collected. This 
procedure is repeated twice, the supernatant liquid from each being combined to form the 
_. . A 2-ml portion of N perchloric acid is s added to the material remaining in the tube and 


‘3 the contents are stirred as before. The tube is then immersed in a water bath at 70°C and | 
left for 20 minutes. _ During this period the contents are stirred occasionally. The tissue is — 
- again separated by centrifugation and the supernatant liquid is collected. This procedure __ 
« is repeated once, the supernatant liquid from each being combined to form the perchloric — i 7 

"The residue in the centrifuge tube is washed once with 2 ml of N trichloroacetic acid and id 


When the have been the sodium hydrogen carbonate layer is washed twice 
- with 2 ml of ether each time and these washings are added to the ethanol - ether - carbon 
tetrachloride e layer. This papers is then adjusted to a measured volume and aliquots are taken 
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PAUL: _DETERMINATIO MAJOR CONSTITUENTS | OF 


— 


— total. lipid, lipid phosphorus or other determi ations. The aliquots, ‘preferably i in 1 short | i 
ieee wide tubes, are evaporated to dryness i ina hot- -air bath and the lipid phosphorus a and ‘total: per m 
_ lipid are determined as follows. Sg of 22 

«Lipid phosphorus—To the ‘dry. residue are added 0-5 ml of 10 N sulphuric acid and 


y 0-5 ml of 4 N perchloric acid. This digestion mixture is concentrated by evaporation on a_ 
sand-bath at 160° C and digestion is completed over an open flame. It is necessary to add 
an anti-bump rod, made by indenting the end of a 6-inch length of }- -inch diameter — rod 


0-5 ml of acid and the volume is usted to 5 ml with 
|. _ After the mixture has been heated for 10 minutes in a boiling-water bath, the blue 
— is measured in a suitable spectrophotometer (a Unicam SP600 was used) at 820 my 
= with a red filter. This method gives very accurate results in the range 0-2 to 2, pe of 

res. Note that the final concentration of acid in the reagents must not be less than 
ON, otherwise artificially high results will be obtained. 
Total lipid (Bloor’s method*)—To the sample to added 3 mlof 
me... reagent and then the sample tube is placed in a boiling-water bath for 15 minutes. 
The tube is removed and cooled, 3 ml of water are added and then the green colour is measured 
in a suitable absorptiometer at 620 my. This test is suitable for 50 to 500 yg of fat. Lard 
_ dissolved in carbon tetrachloride can be used as a standard. Note that ccvars. are most 


4 


likely to be caused by inadequate removal of the solvents. ye 
_ PROCEDURE FOR THE SULPHURIC ACID FRACTION— 
Aliquots are taken for the determination of carbohydrate and phosphorus. Determina-— 
tion of phosphorous is performed in exactly the same way as for the phosphorus in the lipid | 
fraction after 0-5 ml of 10 N sulphuric acid and 0-5 ml of 4 N perchloric acid have been added all 
to the aliquot and the volume has been reduced as before. to 
pee: Carbohydrate is determined by the anthrone method, as described by Trevelyan: ond ind; 


—S each of a number of tubes, 5 ml of the anthrone solution are added and 1 ml = the 
- solution to be tested is carefully inserted so as to form a layer on top of the reagent. At | 
Zero time the two layers are intimately mixed by means of a glass rod with a flattened end, 
__ which is plunged up and down once or twice in the mixture. The tubes are dealt with in 
strict rotation and are placed in a Weiing-weter beth immediately after mixing. After 
. exactly 10 minutes (timed with a stop-watch), they are transferred in the same order to a 
_ bath of iced water. When the solutions are cool, the green colours are measured at = mp. Ee 
The useful —_ of the reaction is from 10 to 150 pg of glucose or its equivalent. Pe ve 


‘Carbohydrate i is then determined by the anthrone method as before in a 1-ml aliquot of 


the fraction. A 2-ml aliquot of the: fraction i is taken for the determination of deoxyribonucleic : 
"The 2-ml aliquot of the fraction is placed by pipette in a boiling-tube, and 1 ml of indole — 
solution and 1 ml of concentrated hydrochloric acid are added. The tube is placed in a - 
boiling-water bath for 10 minutes and then removed and cooled. = The reaction mixture is — 


extracted three times with 4-ml portions of chloroform and the chloroform extracts are dis- — 
carded. The tube is then spun in a centrifuge for a short time at low speed in order to remove > 
any emulsion that may have formed and the yellow colour is measured at 1490 mp. _ The useful 
f th ti f to 30 ug of d ibonucl Marne 
4, The residue consists almost entirely of protein and the protein nitrogen is determined 
= To the residue is added 0-5 ml of the selenium dioxide solution. Water is 
removed by heating on a sand-bath and the mixture is then digested over an open flame 


until clear. Protein nitrogen is thus converted to ammonium and 
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The mixture is diluted with distilled water to contain about 10; ug ug of 
perml. To 2 ml of this test solution are added 2 ml of the modified Nessler reagent and 3 ml 
of 2 N sodium hydroxide. _ After 15 nates the yellow colour is measured at 490 m Ps 


RECOV! ERY OF MATERIALS TO THE VARIOUS 


acid .. Deoxyribonucleic 


acid* 


Determined b indole method. Determined dy ultra riolet absorption m method. 


= Table IV shows.the results of the analyses ofa variety of tissues by this pi 
all except embryonic chick heart, at least six samples were analysed so that the standard 
deviation of the determinations could be found. The analyses of embryonic chick heart 


the he degree of of betwe een n samples of about 


REsurts OF THE _ FRACTIONATION AND ANALYSIS OF A VARIETY 0 OF 


Aliquots of mouse and pan onic chick liver were obtained from aqueous aeiueiiny. 
of Ehrlich» mouse ascites tumour and strain L cells from cell suspensions, and of 
embryonic chi chick heart from approximately equal 2 amounts of tissue fragments 


ry 
* sulphuric perchloric nucleic nucle 
Ehrlich 9368 = 1616 2 = 43-9 
ascites tumour . +0 009 +3. 3 te 15 +1: 36 } +0- 
(ascitic) 
Embryonic chick 208-5 
Embryonic chick 004 hed 15 5 — 
StrainL mouse 0-610 0 2-7 268 172 24-52 
fibroblast* pot +0-014 


* Stored for some months i a freese « cabinet before testing 
The: results in Table IV are in agreement with ‘other. figures published for such tissues. 
i may be noted that the general scheme that has been described is capable of considerable — 
flexibility. _ Since an accurate determination of deoxyribonucleic acid is possible by omitting = 
= in except extraction a with hot perchloric acid,” is — 
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« RILEY: SIMULTANEOUS DETERMINATI IN OF WATER A 
to om ~— various stages when only limited information is required. Also, ¥ when it is particu- 
_ larly desired to separate the different phosphorus fractions (usually for the determination of 
_ the incorporation of phosphorus-32), we have found it convenient to employ a Schmidt and 


-Thannhauser separation after the sulphuric acid stage, 
Instead of proceeding to the extraction with hot perchloric acid, 0- ‘5 ml of N sodium 
7 ‘hydroxide i is added to the precipitate and it is incubated overnight (18 hours) at 37°C. After 
_ aliquots have been removed for determinations of carbohydrate and protein nitrogen, the 
Re: digest is cooled to 0° C and 0-2 ml of 2:5 N hydrochloric acid and 0-3 ml of 4 N perchloric 
acid are added. _ Deoxyribonucleic acid is thereby precipitated and, after standing for 
_ 10 minutes at 0° C to allow the precipitate to flocculate, it can be separated by centrifugation 
a in a refrigerated centrifuge. It is necessary to wash the precipitate twice with 0-5 ml of 
__N perchloric acid each time. Ribonucleic acid phosphorus can be determined in the super- 
= liquid and deoxyribonucleic acid phosphorus in the — by digesting and 
continuing with the procedure described for lipid phosphorus. _ 
ete: This work was supported by grants from the Scottish Hospitals eee Sk 
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~~. Carbon Dioxide in Rocks 
By J.P. RILEY 


nk 
A method is described for the simultaneous determination of water and _ 
carbon dioxide in minerals and rocks. The samples are inserted in Rix, 
combustion — tube at 1100° to 1200°C; the resultant water and carbon | 
_ dioxide are removed with a current of nitrogen, absorbed and determined © 
‘gravimetrically. _About twelve determinations can be made per day, since 
; ie”: it is not necessary to allow the furnace to cool between analyses. Blank values 
_ for the apparatus are low, amounting to about 0-1 to 0-2 mg per hour. © Water : 
_ is completely removed from even the most resistant minerals, such as stauro- 
___ lite, within 30 minutes at 1200°C. The method showed a standard oe: Hig 
as " of +0-04 per cent. with rocks containing about 5 ‘per cent. of water when a 
A comparison has been made between a number of methods used for 
the determination of water in rocks and it was concluded that both the oe — 
_ methods of Penfield and of Shapiro and Brannock tend to give seid results me Se 
owing to incomplete removal and absorption of a. : 


+ 


A KNOWLEDGE of the water content of rocks and minerals i is of considerable importance to 

 petrologists and mineralogists. The determination of water in rock samples by “loss on 
~ ignition” is still apparently being carried out at the present time by some petrologists,! even | 

a it has been known for a long time to be unreliable. High results are caused by loss — 
- of volatile constituents other than water, such as sulphur or carbon eel low results 
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are due. to gain in oxidation « of: ferrou oxide to ferric o oxide ; this oxidation 
out by various modifications of the Penfield? method. In this procedure, the sample is heated a 
in a bulb blown at one end of a hard-glass tube, and the liberated water is condensed further os a 
along the tube. The heated section is then drawn off. The portion containing the water is ao a. 
| weighed and then weighed again after being thoroughly dried. There are two principal _ 
sources of error in the Penfield method, both of which cause the results to be low. —Itis— 
difficult to ensure that all the liberated water is condensed, particularly under conditions of be 
| low relative humidity. Many common minerals retain some water up to at least 900°C, _ 
and therefore it may be almost impossible to remove all the water from the sample by heating aM 
in a glass tube. This difficulty may be minimised by carrying out the heating in a tube of P 
fused silica, but the removal of the heated end of the tube is more difficult. . Shapiro and — 
Brannock? have recently described a modification of the Penfield method, in which the 
sample is heated in a Pyrex-glass boiling-tube and the liberated water is retained ina weighed — 
strip of filter-paper, which is then re-weighed. An empirical correction factor is used in the 
_ Probably the most accurate method for the determination of water in rocks is that in 
which the sample is heated in a combustion tube in a current of dry air and the expelled water _ 
is collected in a weighed absorption tube, the increase in weight of the absorption tube being — 
determined. The procedure, as described by Groves, * is rather time-consuming, since only — 
three determinations can be carried out per day. The temperature (about 1000° C) used in 
expelling the water is not sufficiently high to remove all the water from the more refractory aX 
minerals, without the use of a flux, such as sodium tungstate, which ‘Tequires the use of a Aa 
platinum boat. The blank value is ‘high, being between 0-7 and3mg. = © 
In the method described by Groves, much time is spent in waiting for the combustion — 
tube to cool between determinations. To speed up the process, the sample contained in 
an alumina boat was placed in the cold end of the silica combustion tube and then, after the 
end of the tube had been closed, it was inserted into the furnace by means of a stainless-steel 
rod sliding through a polytetrafluoroethylene washer. In order to ensure that all the water 
was expelled from the sample, the combustion tube was heated by means of an electric 
furnace to 1100° C, or to 1200°C if resistant minerals were present (the temperature was _ 
measured inside the combustion tube). At 1100° C all the water is removed from the majority _ 
of rocks in 20 minutes, and even refractory minerals, such as topaz, ae and staurolite, — 
give up all their water in about the same time at 1200° ee sees ler elt, Tis 
The simultaneous determination of water and carbon dioxide in rocks and minerals has 
}_ been described by Gooch®.* and by Dittrich and Eitel,’ but in each method elaborate platinum 
When an attempt was made to determine the carbon dioxide and water simultaneously = 
by heating at 1100° to 1200° C in a combustion tube and absorbing and weighing the resultant 4 —_ 
carbon dioxide and water, very high blank values for carbon dioxide were found. These — 
were attributed to the formation of acidic oxides of nitrogen from the air used for sweeping 
out the apparatus. In order to reduce this error, nitrogen from a cylinder was used instead of 
air, and next to the main combustion tube was placed a further silica tube packed with short 
lengths of copper wire heated to 700° to 750° C to reduce oxides of nitrogen. Interference 
from sulphur compounds was prevented by a layer of silver pumice placed after the copper 
wire, and by a bubbler containing a saturated solution of chromium trioxide in phosphoric acid. _ 
With this apparatus extremely low blank geal were found for both } water and carbon - 
dioxide (0- and 0-2 mg per ho hour, 


The apparatus used is s | in Fig. 1. 
| _ High-temperature, furnace—The high-temperature cet consists of an alumina tube, 
| 22 cm long and having an external diameter of 4-2 cm, with 84 turns of 0-91-mm Kanthal Al 
| resistance wire on a 15-cm portion of the tube, the turns being more closely spaced at the ends. z 
| of the tube than in the centre. The resistance wire is bedded in aluminous cement and the — 7 
| space between it and the 10-cm diameter silica outer jacket is packed with pure alumina. a 
: The furnace tu tube and the outer jacket. were held i in position by-e end plates made oa a 
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Copper furnace—The low- consists ofa a silica tube, 9 
beg and having an external diameter of 2-3cm, with 16 turns of 1-58-mm x 0-25- -mm_ 
Nichrome tape on it. The whole is contained in a 6-3-cm diameter brass tube and the inter- — -< 
vening apace is packed with 
__ In operation, the two furnaces are run in series with one another. The high-temperature — 
furnace is regulated to the desired temperature with a rheostat or Variac auto-transformer. 
The total energy dissipated at 1100° C is about 950 watts. ~ Variation of the temperature of of 
the copper furnace over the Tange’ 700° ‘to! 750° C is of no consequence, WG 
Gas- purification | train—Nitrogen gas (not of ‘oxygen-free” quality) from a cylinder is 
passed ° via a multistage regulator and needle valve, through a bubbie counter containing — 
concentrated sulphuric acid. It is purified by passage through tubes containing soda lime, | 
fused calcium chloride and, finally, anhydrous magnesium perchlorate. 
1 = Insertion device—In order to avoid the: necessity for allowing the combustion tube to cool : 
between determinations, samples were pushed into the hot zone of the closed combustion — 
tube by means of an insertion device, A. This consists of a brass stuffing box made airtight © 
with a polytetrafluoroethylene washer, through which slides a stainless-steel pusher bar : 
35 cm long and 6 mm in diameter, with a 12-mm diameter head. The stuffing box is fitted _ 
_ | with a brass tube for the introduction of nitrogen into the combustion tube and i is connected 4 
to the latter by means of a rubber bung. a 
irae Combustion tube—The combustion tube, B, consists of a translucent silica tube, . 45 cm 
long and having an internal diameter of 1-8 cm, fused at one end to a 3-cm length of silica” 
tubing having an external diameter of 5 mm . The combustion tube is supported in the high- 
temperature furnace so that the 5-mm silica tube is about 10cm outside it. Although the 
silica tube is being heated for long periods above the temperature recommended by the 
manufacturers (1000° C), no deterioration, except for slight sagging and a small amount of 
surface devitrification, has been noted even after several months’ use. _ Attempts | to use an 
impervious : alumina combustion tube led to very variable blank values. « 


al Copper tube—This tube, C, whose function is to remove e sulphur ¢ compounds an and oxides _ 7 = 
of nitrogen, consists of a translucent silica tube, 10 cm long and having an internal diameter 
of 1 cm, packed with alternate layers of copper wire and silver pumice (prepared by evaporat- _ 
ing 14-mesh pumice with strong silver nitrate solution and igniting strongly) held in place 
by asbestos plugs. Both ends of the tube are fused to 3-cm lengths of silica tubing having sil 
external diameter of 5mm. At least once a week a current of coal gas should be passed for — 
15 minutes through the heated tube to reduce any copper oxide to the metal. _ The life of 
“the tube is about 3 months with rocks of low sulphur content. 
__ Absorption tubes—The absorption tubes are 14 cm long and. have a l-cm bore; a tube > 
having an external diameter of 5 mm is sealed on at one end and a B10 socket at the other. aa 
They are closed by means of B10 cones fused close to the joint to the 5-mm tubing. 4, a 
narrow tubing at each end is constricted at X to a capillary having a bore of about] mm. If_ 
samples containing much carbonate are to be analysed, an absorption tube of larger ee 
diameter (1-5 cm) should be used for the collection of carbon dioxide. 
_ The water absorption tube, D, is filled with anhydrous magnesium perchlorate. The 7 
carbon dioxide absorption tube, E, is packed with an 8-cm layer of soda asbestos and a 2-cm_ 
layer of anhydrous magnesium perchlorate. The stoppers of both absorption tubes are on 
cemented in position with hard black wax. Connection of the absorption tubes i is made with — 7 


Chromium trioxide bubbler—With samples containing more than 0-5 per cent. of sulphur, 

the bubbler, F, filled with a saturated solution of chromium trioxide in 85 per cent. phosphoric — . 

| acid, should be interposed between the water absorption tube, D, and the carbon dioxide 


absorption E. Its side-arm, G, is with magnesium perchlorate. 


For the analysis of the majority of rock nai, On main furnace should be run at a 
1100° C; if difficultly decomposable minerals such as staurolite are present, the temperature = 
should be raised to 1200° C. The flow of nitrogen should be regulated to about 3 litres per 
| hour. Each day before use, allow nitrogen to pass through the apparatus and absorption | 
| tubes for about 20 minutes. Remove the tubes, wipe them ame 
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freshly ignited magnesium oxide. _ Insert the boat into the end of the combustion tube, 

2 replace the insertion device, and allow nitrogen to sweep air out of the apparatus for 5 minutes. 
- Connect the weighed absorption tubes, and then push the sample into the furnace by means 

_ of the stainless-steel rod. When large amounts of readily decomposable carbonates, such as 
siderite and magnesite, are present, the boat should not be pushed immediately into the hot 
~ of the furnace, since this leads to such rapid evolution of carbon dioxide that it is 

“ _ Rot completely absorbed. Such samples should be allowed to decompose in the cooler 
- region just outside the furnace, and only after decomposition is nearly complete should 

_ the sample be subjected to the full temperature. After a heating period of 30 to 40 minutes, 
remove the absorption tubes, wipe them and weigh them after 5 minutes. Carry out a blank 

_ determination in the same manner, without the sample, before the first determination and at 
-- end of work. The normal blank values for the water and carbon dioxide are 0-1 and 
_ 0-2 mg per hour, respectively. _ When higher blank values are found for ca carbon dioxide, the 

copper tube is ex! exhausted and should be treated as described on p. 45. 


COMPARISON OF METHODS FOR ‘THE DETERMINATION OF WATER IN ROCKS AND “MINERALS 
Pe order to compare the precision of different methods for the determination of water, 


Bc samples of metamorphic rocks (ground to pass an 80-mesh sieve) were examined by the 
proposed method, by the Penfield method? (heating for 20 minutes in a tube of Pyrex glass), 
by the Penfield method, but with lead oxide used as flux, and by the method of Shapira and 
Brannock.2 “Loss on ignition” was determined by heating the sample in an uncovered 
platinum crucible at 1000° C for 30 minutes. — The results are shown in Table I, each each figure 
being the mean of at least two determinations. 
i, on _ The ferrous iron content of the residue remaining after the determination of * ‘loss on 
ignition’ is very variable, ranging from 0-16 to 3-0 per cent. Considerable errors can be 
caused by correcting the “‘loss on ignition” figure on the assumption of complete oxidation of 
_ ferrous iron. Even when correction is made only for the amount of ferrous iron actually 
_ - oxidised, results tend to be high, owing to loss of carbon dioxide and sulphur. This is par- 
va oy ticularly noticeable with samples Nos. 1502c, 1698c and 1698u, which contained appreciable 
_ amounts of pyrite. When sulphides and carbonates are absent, “loss on ignition’ ’ results are 
fair agreement with those by other methods. 
. In general, it will be seen that the results by the proposed method are appreciably higher 
_ than those by the other methods (except for “‘loss on ignition”’); this is attributed to more 
+g efficient removal and collection of water. This difference suggests that the water contents 
given in many earlier analyses of rocks and minerals (particularly amphiboles and micas) 
_ The figures obtained by the methods of Shapiro and Brannock and of Penfield (without 
flux) are in fair agreement with one another. The comparatively low temperature (less than 
800° C) and short period of heating used makes the complete removal of- water by these 
procedures unlikely. This is the reason for the conspicuous failure of both methods with the 
- _ moderately resistant hornblendite (sample No. 1971). When lead oxide was used as a flux 
in the Penfield method, the results were higher, but they were still lower than those by the 
proposed method. a This error is caused by a fundamental flaw it in the Penfield method and its 
_ modifications, i.e., failure to condense all the liberated water. | Shapiro and Brannock have 
:  ethempeed to correct for this loss by the use of an empirical correction factor, but the results 
te Table I suggest that their correction factoristoolow,. 
_ __ A study of the reproducibility of the methods with the garnet - sillimanite - biotite 
= schist (sample No. 2096) showed standard deviations of 0-04, 0-13 and 0-10 per cent., for the 
proposed method, the Penfield method, with flux, and the method of Shapiro and Brannock, 


: we Several minerals, such as tale, topaz and epidote, do not | give up all their water at tempera- 

tures below 1100°C. The rate of loss of water from these minerals at 1200° C was therefore 

_ studied, and if was found that with every mineral, loss of water was complete after heating 

for 30 minutes. In order to test the method, replicate determinations of the water content 
were out on the minerals, which had been to pass an 80- mech sieve 
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ag a Weigh 0-5 to 1-5 g of sample into a previously ignited 2-ml alumina boat lined with a a 
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snepinations: were also made as ducted’ by uae with sodium tungstate as flu . The 
esults, which are shown in Table II, indicate that the recoveries of water are ——. = 
TABLE 


As 96 


o> 


In eee to test the proposed method te the determination of oaben aye several 
carbonate minerals were examined. The results are shown in Table III (p. 47), together with 
the carbon dioxide contents determined chemically. In each case the agreement is satisfactory. 

The temperature at which the dissociation pressure of the carbon dioxide of carbonates 
becomes 1 atmosphere differs widely with the metallic radicle present, ¢.g., ferrous carbonate 
at 490°C; magnesium carbonate at 540°C; calcium carbonate at 900° CU; strontium 

_ carbonate at 1289° C2; barium carbonate 1360° C. © Samples that have low dissociation tem- 

i is) peratures should be allowed to decompose initially for 10 minutes in the hot region just outside 
moe the furnace. If such samples are subjected immediately to the full temperature of the 
furnace, there is serious risk of loss of carbon dioxide by incomplete: eee, owing t to its 

_ The vapour pressure of carbon dioxide over strontianite (SrCO 3) 3 ie 1200° C i is sufficiently 

high to ensure the complete removal of carbon dioxide in 30 minutes. On the other hand, the 
vapour pressure of carbon dioxide over barium carbonate is so low at this temperature that 
_ only partial removal of the carbon dioxide (70 to 80 per cent.) occurs in 30 minutes. _ Complete 


recovery can be obtained if the heating period is prolonged to3 hours, | 
iy The carbon dioxide content of scapolite is difficult to determine chemically, ‘since the} 


‘mineral is not completely attacked by phosphoric acid and must be decomposed with hydro- 
; fluoric acid. Its carbon dioxide is strongly retained at 1100°C, and a temperature of 
1200° C must be used for the decomposition; under these conditions the results obtained for 
_ this mineral agree well with those found chemically by using hydrofluoric acid. eek | j 


As a further test of the method, replicate analyses of four metamorphic rocks, low in 


carbonate, were carried out for water and carbon di dioxide. . The results are shown in Table IV. 


> 


SIMULTANEOUS DETERMINATION OF WATER 


AND CARBON DI IOXIDE 


as 1760 0-71, 0-75, 0-70, 0-76 
4 Cordierite - spinel - 
Cordierite - plagioclase - biotite hornfels. * 
Cordierite - biotite - spinel hornfels. __ : 
Magnetite - spinel - biotite hornfels. wer 
T he sample number refers to the catalogue number of the sample in the collection - q 
_ of the Geology Department, University of Liverpool. — All samples originated from 


' Sul the results it is seen that satistctory ‘reproducibility was achieved for both water 
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1958} CARBON. DIOXIDE RO ROCKS AND MINERALS 49 ry 
In order to check the efficiency of the silver pumice and chromium trioxide tap for the © 
prevention of interference by sulphur, 30-mg samples of sulphur and chalcopyrite were analysed ; 
with neither substance was the gain in weight of the soda-asbestos tube greater than 0-3 mg. ' 
If samples to be analysed are known to contain fluorine, sulphur or sulphides, it is advisable — 
to cover the samples with a layer of magnesium oxide to prolong the life of the silver pumice. _ 
_ A more serious error in the determination of carbon dioxide results from the presence of 
sraphite or organic carbon in the samples. Such materials are completely burnt to carbon | 
dioxide. The carbonate-carbon in these materials should be determined by the conventional 
method in which phosphoric acid is used. The organic carbon content of muds may be 
found by determining the c carbonate-carbon by the conventional method and total carbon 


| I thank Mr. P. Sinhaseni for assistance in the preparation of Fig. 1, and also Professor 
R. M. Shackleton and Dr. B. Leake for providing the rock mineral in the 
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. Penfield, S. L., Amer. J. Sci., 1894,48,30. 
Shapiro, L., and Brannock, W. W., Anal. Chem., 1955, 27, 1796. A ee 
_ Groves, A. W., “Silicate Analysis,” " Second Edition, George Allen & Unwin L 
Gooch, F. A, Amer. Chem. 1880, 2, 247. 
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RECOMMENDED METHODS F THE ANALYSIS OF TRADE FLUENTS 


Recommended Methods the A Ana 
_ PREPARED BY THE JOINT A.B.C.M. - S.A. Cc. COMMITTEE ON 
ae. _ METHODS FOR THE ANALYSIS OF TRADE EFFLUENTS rai 
Methods for the of Phosphorus and 


__ Phosphorus may be present in effluents as phosphate (ortho-, meta-, Pyro- or 


__ The phosphorus is first converted to orthophosphate, if not already present as ff 
such. This is then determined colorimetrically (by using Tschopps’s reagent) as 


the blue complex formed by the acid. 

For phosphorus cot contents s of (a) up to 75 peg g (instrumental method) ; 
or (b) up to 25 pg (visual -comparison method). 

The method is of wide | application. — Ferric iron in concentrations several times _ 

that of the phosphorus does mot interfere, 

ss The conditions of test may be modified to differentiate between total i ee 


phosphate and total phosphorus present in the effluent. 

Note—It is possible that may be of assistance in eliminating inter- 
ferences. In these procedures the molybdophosphoric acid is extracted by a solvent al 

as n-butanol, and the reduction is subsequently out in this medium. 


Ammonium _ molybdate 10g of ammonium molybdate, 
_ (NH,)gMo,0,,.4H,0, in 100 ml of distilled water. Add this solution slowly, and — 
_ with stirring, to 300 ml of diluted sulphuric acid (1+ 1). Store in a borosilicate- 
__ Standard phosphate solution A—Dissolve 0-439g of potassium ainydrogen 
orthophosphate in distilled water, add 5 ml of diluted sulphuric acid ( +1) i 

Standard phosphate solution B—Dilute 10-0 ml of solution A to 1 litre with 
water. Prepare this solution 1 freshly each day. 


wll 


% 


Iml=1 peg ug of phosphorus. 
sulphite solution (Tschopps’ reagent)—Dissolve 40g of sodium meta- | 
_ bisulphite and 1 g of sodium sulphite, Na,SO;.7H,O, in cold distilled water, add | 
0-2 g of Metol (p-methylaminophenol sulphate) and stir well until solution is complete. 
Dilute to 100 ml with distilled water and mix. _.. 


Total inorganic phosphate— 


Select a suitable v volume of the effluent sample (not e exceeding 10 ml) to contain — 


to 25 ug if visual colour comparison is to be made. 
_ Add sufficient sulphuric acid to make the acidity 5 N and boil the solution ‘4 
Pe for a minutes, to convert id condensed phosphates to orthophosphate, keeping t 


A 
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fo OF 1 the determination 1s De made insitimental | 


Heat the solution ina oiling. -water bath for 30. “minutes” then cool to 
temperature. _ Transfer the ‘Solution to a 50-ml calibrated flask and dilute to the a 
Carry out a blank determination on all re reagents : used. _ Proceed to determine 


a to the depth of colour, and using a wavelength of 6500 A in a or oer 

| ora suitable red filter in an absorptiometer. — _ Use distilled water in the comparison _ 
¥ cell, _ Read the number of micrograms of phosphorus equivalent to the observed 

Me ‘optical densities of the test and blank solutions from a previously prepared calibration 
graph, and so obtain the net measure of inorganic — (as phosphorus) in 

Measure appropriate amounts of phosphate solution B intoa 

series of conical flasks: for the 4-cm cell the standards should cover the range 
0 to 10 wg and for the 1-cm cell they should cover the range 10 to 75 yg of — 
_ phosphorus. To the contents of each flask add 5 ml of ammonium molybdate 

doa solution and 5 ml of Metol - sulphite solution and proceed as for the test sample. __ 

: eal Measure the optical densities and construct a graph relating the optical densities _ 


to the number of micrograms of phosphorus. 


colour- -comparison method—Prepare a series of standards as for the 
jen method, covering the range 0 0 to 25 wg of phosphorus. Compare the 
colours 
wy _ Alternatively, proprietary coloured discs may be used in a comparator instead 
of soletien standards, and the makers’ instructions should be followed. It should — 
be noted that some proprietary coloured discs are calibrated in terms of P,O;; th the | 

_ Whichever method of determination is used (instrumental or visual comparison), 


express the total inorganic phosphate con tent milligrams of phosphorus per 


‘Digest 5 to 10 ml of the effluent sample, over a 0- 3 5 ml 
of sulphuric acid, sp.gr..1-84, in a micro-Kjeldahl flask or boiling-tube. Continue ~ 
_ the digestion until the solution is colourless, avoiding loss by fuming. © ~ Cool and 
transfer the solution to a 50-ml calibrated flask, rinsing the digestion vessel with can 
"sufficient distilled water to bring the volume to about 20 ml; filter if necessary. ee 
- Almost neutralise the solution to phenolphthalein with sodium. n hyd droxide solution. a 
Finally, dilute the solution to the mark with distilled water, 
Measure a suitable aliquot of this solution and proceed as described under ‘‘Total — 


ions, at ‘ “Add 5 ml of ammonium solution 
” 


__ REFERENCES 


D. M., Anal. ‘Chem., "1949, 21, 965. 


‘The soluble are precipitated as s bariu 
conditions? and determined gravimetrically. 
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__ Express the total phosphor nilligrams of phosphorus per litre 
Pons, W. A., and d., 1946, 18, 184. 

to 1 sulphate under controlled 


RECOMMENDED S FOR ‘THE ANALYSIS OF TRADE EFFLUE 


For sulphate contents between 8 and 60 mg, expressed as 
‘Phe method is applicable. If it is desired to include the sulphate 
: jon. of insoluble compounds, such as barium sulphate, an appropriate aliquot of the 
_ well-mixed sample must be neutralised, made slightly acid with hydrochloric _ 
evaporated to and the usual methods of quantitative gravimetric 


Ammonium diluted (1+ Dilute 1 volume sof ammonium ammonium hydroxide, 
sp. gr. 0-880, with 3 volumes of distilled water. lil 
Barium chloride solution, 10 per cent. w/v. 
_ Methyl orange indicator solution— 


Measure ; an of the effluent sample wi which is expected to contain between 

8 and 60 mg of acid-soluble sulphate. Neutralise with 0-5 N hydrochloric acid, 5 ws 

_ using methyl orange indicator solution ; then add 1 ml of hydrochloric acid, sp.gr. 1-18, hade 
i and boil the mixture. Adjust the volume to about 150 ml by concentration or 
see - dilution with distilled water. Filter the solution and wash the residue on the 

__filter-paper until the washings are free from chloride. 

_Neutralise the combined filtrate and washings with diluted ammonium hydroxide 

ag <4 3), adding more indicator solution if necessary. _ Adjust the volume to about 
200 ml with distilled water, add 2 ml of diluted hydrochloric acid (1 + and 


and add 30 ml of barium chloride solution (or 15 ml if less than 20 mg of sulphate 

are prese.it) from a fast-flowing pipette to the centre of the solution, with thorough ¥ 

: “mixing. __ Allow the mixture to stand for 20 minutes; then filter off the precipitate — 

on an ashless filter- -paper pulp pad, using gravity filtration and washing \ with hot | 
aed water until the washings are free from chloride. 
_ Transfer the wet pad and precipitate to a previously ignited and weighed silica 


ca) psule, wi ing off with a piece of moist filter- aper any precipitate adhering to the 
Pp ping “paper any of 
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furnace at 800°C, ignite, cool and weigh the barium sulphate. um 
Weight of BaSO, (in mg) x 0-4116 = mg of sulphate (asSO,”). 
Express the result as milligrams of acid-soluble st of 
— 1955, 34, 78 and 87. 


persulphate oxidation - sodium arsenite titration ‘method is recommended! for determining 
manganese in titanium. This is a well established method used in steel analysis, phosphoric acid 
being added to extend the range of the method and to improve the end-point. Phosphate cannot 
be tolerated when a large amount of titanium is present, because a titanium phosphate is pre- _ 
ipitated under the conditions of the method. The behaviour of anions, other than orthophosphate, — : 
investigated. was shown that fluoride could be used in place of phosphate. 

_ The e method r recommended by the Panel on Methods of Analysis,” which is based on on oxidation 
pi a solution of the a? in —— acid with ammonium persulphate in the presence of silver 

It was found that, if more re than 10 mg mg o manganese are present, amemets dioxide is pre- 7 
initated when the ammonium persulphate is added. The ae of the titration becomes _ 
lifficult to determine as the amount of titanium present is increased. The method is empirical, 
pnd the effective normality of the sodium arsenite and the colour of the end-point depend upon 
the amount of titanium present and the manganese concentration. “a 
- Sodium fluoride was added after the metal had dissolved and the procedure was continued 
ps described in the standard method. A visual improvement was noted in the colour change, 
vhich was from pink to yellow-green, rather than pink to yellow-brown. When no titanium is 
present, the presence of fluoride causes the end-point to be from pink to colourless. The greenish 
hade appears when titanium is present (1 g) and the yellow becomes more visible as the man- 


fs ‘The end-points obtained ie and without sodium fluoride were compared by potentiometric — 
tration. _ One gram of titanium was dissolved as in the Panel Method?! and various amounts of 
anganese were added as manganese sulphate. The manganese was oxidised with 15 ml of 25 per 
ent. ammonium persulphate solution in the presence of 10 ml of 0-8 per cent. silver nitrate solution. 
fhe solutions with and without sodium fluoride present were titrated with sodium arsenite. 
latinum and calomel electrodes were used. Because of the silver ions present in the solution, a 


odium. sulphate salt bridge was used between the calomel and the solution. The break is sharper 


when fluoride is present, and at the end-point without fluoride esas ee is a drift that is not 


detected in the presence of fluoride. 
be When fluoride is omeent, up to 25 mg of manganese can be oxidised without any alee = 
if manganese, provided the conditions are controlled correctly. It was found that, if the ammon- 
um persulphate was added at the boiling-point and the solution was then boiled for 1 minute, no __ 
precipitation occurred, and reproducible end-points were obtained. The results obtained on titrat- 
ing various amounts of manganese in the presence of 0-5 g of titanium with sodium arsenite solution 
(3°85 g per litre) after the addition of 5 g of sodium fluoride, and then silver nitrate and ammonium — 
Manganese added, mg. "= «6 » 17: 40 20-88 25-00 = 


five results) 4100181585 «(19-20 gg. 25 27-50 


The standard deviation increases w ith the amount of manganese se present. . The method is empirical, — 
Phe effective normality of the sodium arsenite Ceaens ‘upon the amount of manganese present. a 


_ Experiments were pes in which the titanium content was varied, but a constant amount — 
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_ titrating with sodium arsenite solution (3-85 g per litre) — 


“a t can be seen from the results deen that the sodium eusanite solution nant be standardised 


< under conditions such that the manganese and titanium concentrations are similar to those in the 
‘Table ¥ shows the results obtained in the analysis of titanium - - manganese alloys, prepared 
by ar arc-melting sintered titanium powder and metal. The as the 


OF | 


composition: Sample _five results for 
ar Analysis,”’ Information Bulletin No. Pg 8, Part I, Ordnance Corps, U.S.A., 1955. 
LABORATORY 


March 19th, 1957 


THE APPLICATION OF THE POLARISED PLATINUM ELECTRODE TO 
THE DETERMINATION OF ASCORBIC ACID IN FRUIT 


Tue “dead- -stop”’ * method of Foulk and Bawden}, in which polarised platinum electrodes are used, 
_ as adapted by Liebmann and Ayres* for the determination of ascorbic acid by titration with 
a 86 -dichlorophenolindophenol, has been used in these laboratories for Many years. . The end- 
_ point is determined graphically from plots of galvanometer deflections read 25 seconds after each . 
0: 02-ml addition of dye solution. The additions of the dye solution are made at 30-second intervals. 
_It was found that for low concentrations of ascorbic acid the slope of the plots after the end- 
wee was reduced and so a loss of precision resulted. In addition, the galvanometer deflection, | 
on occasions, would be still altering when the time came for its value to be noted. The effect was| 
- especially noticeable when the frequency of the additions of dye solution was increased in an 
_ effort to improve the precision. — _ The modifications described below were the outcome of attempts| 
_ The method described by Sully? was used, in which — e.m.f. is applied to the electrodes 
through a very high resistance of 2 to 3 megohms, and the poem Across them ; is measured by 


ee. (Presented at the meeting of the Western ‘Section on Saturday, November 10th, 1956) ai = 


but it is reduced when depoleriention takes place. 
-_. It was found that the system, when partly depolarised bya small veered, of oxidant, 
became progressively slower to recover as the end-point was approached. By reducing the size 
.- the electrodes to that of pin heads, by cutting them off flush with the glass surface, the sluggish 
_ response was largely overcome. This effect was presumed to be due to the smaller surface area 
of the electrodes, which would require less reductant to achieve polarisation. ey Se rae - 
ae. method finally adopted made use of electrodes of small surface area as described above. 
oA Mullard millivoltmeter as supplied with a well known electrometric titration outfit was used for 
. measuring the e.m.f. _ The circuit of the millivoltmeter was modified so that the existing polarising Js 
_ voltage could be applied through a 2-2-megohm resistor and the voltage was reduced to approxi- 
: “mately 260 mV by means of a ‘suitable tapping © off the b bias resistor network of the first valve in 
‘ _ The titration was: performed in a small flat- bottomed tube. _ Two millilitres of extract were 
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added in 0-01-ml increments at 20-second intervals near the end-point. The e.m.f. 


approximately equivalent to 0-4 mg of ascorbic acid per ml and wi 


The» modifications described resulted in an increase of precision. The cocfliciont of variation | 
for quadruplicate determinations on a scution of blackcurrant syrup was 0-6 per cent., compared — 
Jith 1-4 per cent. by the original method. | _ A similar test on a solution of ascorbic acid gave 0-33 4 
and 1-0 percent. It is thought that the improvement may be due to the reduction of the current — 
through the at the end of the titration from 0- 4 to 0- 05 pA. _ Three on pure ascorbic 


‘Evans and Simmondst nies discussed the mechanism of polarisation. end- -points s with spec special 
reference to dilute solutions of iodine and sodium thiosulphate: They state that under certain 
conditions there may be insufficient anions to keep the cathode depolarised. This effect was 
shown by a very slow fall in e.m.f. when dye solution was added to 2 per cent. oxalic acid solution 
in the original method. When the modified circuit was used, a sharp fall in e.m.f. was observed. 
These observations support the view that, the smaller the size of the electrode, the lower the 
concentration of anions necessary to depolarise 

In order to test the effect of anions on the results obtained by the method, a solution of = 
currant syrup and a dilute solution of ascorbic acid were both assayed with and ee ‘the the 
addition of 2 mg of chloride as chloride. The results are shown in ‘Table. 


- EFFECT OF CHLORIDE ON THE DETERMINATION OF ASCORBIC ACID | 7 


Ascorbic acid found ae in 2 ml of sample with | 
in 2ml of sample, mg of chloride added, 
Ascorbic acid solution = 042 (8), 0-042 0-042, 0- 041 (6) (6) 
Blackcurrant syrup solution A 392, 0-387 0-382, 0- 
Blackcurrant t syrup solution B “426, 0-430 0430,0-429 
In all dyn the differences were e within the ee error r of the method. 


& 


7 


affected by ‘concentrations of chloride ‘up » to lt mg per ml of titrating solution. a 


ection, Foulk, c. W. , and Bawden, A. T.., , J. Amer. Chem. Soc., 1926, 48, 2044. 
2. Liebmann, H., and Ayres, A. D., "Analyst, 1945, 70, 411. Bap 
ct was Sully, B. D., Chem. & Ind., 1955, 1146. 
in an 4. Evans, D. P., and Simmonds, N. T., J. Soc. Chem. Ind., 1944, 63, eal 
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A NOTE ON SILVER NITRATE TITRATIONS 


luggish JWHEN solutions of sodium or potassium chloride are titrated with silver nitrate, with dichloro- 


ce area Fluorescein as indicator, a more accurate and clear-cut end-point is obtained by observing the ~ 
__ Keharacter of the precipitate. At the end- -point the precipitate breaks down and becomes finely _ 
above. #livided and granular in appearance. . The colour changes in the supernaiant liquid and of the = 
sed for precipitate are useful associated indications of the end-point, but are difficult to describe by them-— 
arising Jselves. With 0-1 M solutions, this end-point gives reproducible results in agreement: with 

pproxi- btained d by the Mohr method corrected for a blank. 
alve in 
ae solutions of sodium or ‘potassium bromide, iodide or 2 thioeyanate with silver nitrate. = 
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25 APPARATUS: 


_ ASSEMBLED mainly from salle « aia the transistor-operated arrangement shown in Fig. 1 
_ is generally suitable for normal, differential and ‘‘dead-stop end-point” titrimetry. High-resist- 
ance titration systems, such as those involving the glass electrode, are excluded, since the titrimeter 
draws a current of a few microamperes from the system. Even with transistors selected at random, 
the zero is stable and the response is closely linear. An input e.m.f. of 100 mV produces meter 
_Teadings of about 10 and 50 pA, Tespectively, at minimum and maximum sensitivity. 


aor 
5-volt flashlamp dry « cells = 1000- ohm resistance 
0 to 50-pA 500-ohm potentiometer 
Sy Sp = Single- “pole single- 
5 = = Double-pole ad 
| T, = PNP junction transistors, type ol 
- Transistor characteristics are markedly dependent on temperature. e. Two transistors are 


therefore used in a balanced type of circuit, the basic principles of which are discussed by Starke.! 


- the entire unit and the two flashlamp cells required for energising the circuit. — Current drain is is 
very small, so 30 that the cells last for 6 months or more. 


and open Bring the meter reading to or near zero by of R,. Connect the 
_ potentiometric ‘titration system so that the positive electrode goes to terminal 2 and, by adjust- 


1 ment of R,, restore the meter reading to zero. Proceed with the titration; if the meter reading 


falls instead of rising, reverse by means 
In differential titrimetry* the e.m.f. of the electrode system is repeatedly br brought to zero, 
‘so that no “backing-off” voltage is required. For this technique, open both S, and S,, operate at 
high sensitivity and, after “connecting to the electrode system, bring ‘ the meter reading t to zero dd 

“‘dead-stop end-point” close both S, and Sy operate at hig sensitivity 
and the larising voltage by adjustment of Ry. ta 


This apparatus was developed with the: e partial support. of the US. Atomic E Energy Commission. 
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~SUCTION-OPERATED DIFFERENTIAL ELECTRODE SYSTE 


Since the introduction of the differential potentiometric sdiihi ial’ by MacInnes and Jones,* 2 

various modifications have been described.?3.4.5,6 Developed in a programme of studies on no 

nies titrimetry, the suction-operated micro-assembly shown in Fig. 1 is easily anaes. 


ay Fig. Differential ele electrode system: (a), front view « top view; 


Fig. 2 Push-button suction control valve 
+: “Exposed” electrode A is a 20-mm length van No. 26-gauge ain, wire and has a light 
flexible copper connecting lead, B, soldered to one end. With 10 mm projecting, the platinum — 
wire is esaled sheen one end of a length of glass tubing having an external diameter = 4mm and — 


| 
Fig. q 
esist- 
meter 
WHT. 
| 
rate at wri | 
zero by 
sitivity 


the projecting end is — shown. Construc of the retarded” ” electrode, 
_C, is similar, but the wire is bent zig- zag and has a 4-mm diameter glass sphere, D, fused on the§ . 
oe extremity. The sleeve of glass tubing, E, is about 0-2 mm larger in bore than the diameter of the ff 
4 sphere and slides i. on the electrode tube. _ To es: the creeping of solution between | 


or sleeve from falling off during adjustments. The raising of the sleeve allows the. approximately 
0-1 ml of solution trapped around electrode C to be stirred into the bulk of the solution. = | 
_ Collars of rubber tubing, H, and H,, on the stem of piston I engage collar F and control the 
“rise and fall of the sleeve. “The piston is made from glass tubing having an external diameter of 
: z mm by blowing on one end a thick-walled bulb about 9mm in diameter. With use of fine 
__ carborundum paste, the piston is ground into cylinder J, which is a 10-mm diameter micro test- 
= tube with a 4-5-mm diameter hole blown centrally through the bottom. This hole forms a guide 
_ for the piston stem.? The piston should slide freely in the cylinder, the travel being limited by 
collars of rubber tubing, K and L. . To prevent its sticking to the bottom of the cylinder, collar L 
rests upon a copper foil washer, M, while K projects slightly from the closed end of suction tube N. 

The wall of the latter has a 3-mm diameter hole, O, through which air Ly be withdrawn from the a 


cy _ The piston then rises and carries the electrode sleeve with it. 
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Scale for curves 

Differential titrations: curve I, 2-0 m 

of 0-002N hydrochloric acid with 0-01.N sodium 

7s hydroxide; curve II, 2-55 ml of 0-1 N acetic acid with 
Nsodium hydroxide; curve III, 2-0 ml of 0-1 N sodium 
acetate with 0-098 N acid, both in 


Z 


are held by bes over holder, Pia develop- 

“ment of an earlier design,’ which allows the whole assembly to be mounted on aring stand. Lengths 

7 of 1-mm diameter brass wire, Q, and Q,, are soldered into each of the right-angle bends of the holder. 
oy 9 As shown in the diagrammatic top view Fig. 1 (b), the right-hand side of the holder and the wires 


6 __- projecting from this side locate cylinder J parallel to the electrode tubes. Before the cylinder 
-_ 7 is mounted, the rubber band that secures the electrode tubes in the V-notches is stretched over the F 


Wires as shown in ‘Fig 1 (c). _ This form of ‘mounting ‘provides firm support, of 


a few drops of Durofix or similar universal cement will the 


oa provided by the rubber 
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A 9. Kirrmann, ‘A. and Daune-Dubois, N., Compt. Rend., 1953, 236, 1361. 


B.S. 1170: 1957. Treatment for Marine Boilers. 


Gentle suction from a filter-pump o or vacuum line is ample ve operatio m A simple control is re 
short length of glass tubing with a hole blown midway in the wall. Thisisinsertedinthesuction 
ne and, when the hole is closed with the forefinger, the electrode sleeve lifts. More convenient is * : 
he brass push-button valve shown in section in Fig. 2. Cylinder R carries screwed cap S at one a 
md and has three 3-mm diameter holes drilled through the wall as shown. Over two of these Ee 
oles are soldered side-tubes T and U, respectively, while the third, V, is open to the atmosphere. 
\ suitably drilled circular plate, W, is symmetrically soldered to the other end of the cylinder. 
is plate allows the control valve to be panel-mounted and also acts as a stop for the outward 


ov rement of piston X, which is a sliding fit in the. . cylinder and is forced outwards by spring Y. 


The electrode sleeve lifter, which is connected to side- tube T, is then at atmospheric pressure. 
When X is depressed, suction is applied to the lifter by way of the annular groove in the piston. - 
_ Titrations are performed in the usual way,’ preferably with a concentrated reagent, the 
lectrodes being set just under the surface of the liquid in the titration vessel. In experiments in 
which appreciable rise of level in the titration vessel occurs, the immersion should be re- ee 
_ The device is applicable to a variety of acid - base, oxidation - reduction and precipitation “a 
titrations. When a 15-mm diameter -micro- -beaker with suitable magnetic stirring is used,® ; 
olumes as small as 2 ml can be titrated. Curves I and Il, , Fig. 3, are typical; in these experiments 

. ing the chloranil - tetrachlorohydroquinone redox system, Kirrmann and Daune ) 
havé reported the differential macro-titration of organic acids in dimethylformamide solution.® 
The titrant was, however, aqueous alkali. Curves III and IV, Fig. 3, refer to titrations in. glacial 
cetic acid, the titrant a made up in the same solvent. _ These indicate the “snr sng of 
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RINTED slips bearing amendments have been issued by the Institution, as follows— _ 


- | PD 2888—Amendment No. 2 (September, 1957) to B. S. 1848:1952. Glass Condensers. 
pelop- 


_ PD 2907—Amendment No. 2 (October, 1957) to B. a: eit 1954. Laboratory Thermometers. 


Ss Obtainable from the ee Standards Institution, Sales Department, 2 Park Street, London, W.l 

cRo-ANALYSIS IN MEDICAL B10 BIOCHEMISTRY. By E. J. Kine, M. A., Ph.D. _D. Sc., R.LC., and 
Woorrton, Ph. D., M.A., M.B., B.Chir., F.R.I. Cc. Third Edition. Pp. xii + 292. 
Ls & AL Churchill L td. 1956. ‘Price 22s. 6d. 
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Since the aiansine of the first edition in 1946, Professor King’ s “Micro- Analysis in Medical 
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‘country. into Spanish, Italian Serbo- Croat that it is rapidly becoming, 


essential in many laboratories of other countries as well. It sets out to describe clearly and beposit 


a the routine methods of biochemical analysis used i in the Department of Chemical Pathology 


at the British Postgraduate Medical School. Since the accuracy and adequacy of these methods 
7 have been fully checked before they are acceptable for the routine work at Hammersmith, an 


= they were employed there for a long time before they were described in this book, it is§ 


axiomatic that they may be accepted by laboratories in which the opportunities of checking then 

_ The present edition, of which Dr. I. D. P. Wootton is now a co-editor, will enhance the reputa 
tion enjoyed by the previous editions. An increase in the number of pages from 222 to 292 ha 


of uric acid by uricase, phosphatase by the determination of liberated phenol with aminoantipyrine 

3 of lead and mercury in urine and faeces, as well as t the he ethylenediaminetetra- -acetate determinatio 
of calcium, the paper chromatography of urinary st sugars and the vitamin-A absorption test. “Itig 
_ a tribute to the high quality of the methods described i in the previous editions that the only sectior 


essary increasing t 


sodium and Po el are still included. These techniques are so > time- -consuming s that the te 


_ photometer should be available in every department expected to estimate electrolytes; otherwise. 


the patient all too often is dead before the result.of the analysis is available. The practical details 


of carrying out balance experiments will be especially appreciated byt those to whom such a 
tions are nota daily routine, 
_ _In a short book review, criticism is apt to over- -emphasise the bad features of a book, but the 
following minor criticisms are not intended to detract in any way from the opinion that this is 
== excellent manual. It is the reviewer's personal view that serum bilirubin is better estimated 
with a technique that avoids absorption of pigment on the precipitated plasma proteins. ‘The 
introduction of tablet tats for many of the qualitative inv vestigations of urine is well 
pae-versse substances are e unlikely to be employed when paper chromatography is available. The 
glucose - oxidase enzyme tests have probably been reported too recently to be ready for the 
“Manuscript at the time the book was being prepared. It is surprising that, although there i 
a reference to the estimation of 17-ketogenic steroids in urine, this is not described in detail 


researt 


gages, 


procedure is now widely used in the assessment of adrenal function in clinical patients. Inj, 


the section on the urea clearance test, five examples of the calculation seems rather excessive; 


_ two would have sufficed and the space s saved could have be been used to explain more b ey the ! : 


Tables of logarithms, of international atomic weights and of solubilities « of common compounds§ - 
_ in water add to the value of this useful manual. Although it is not a critical compendium Offs 4) 


_ methods in the sense of the original volume by Peters and van Slyke, it is nevertheless not a mer4 
_ cookery book of methods. Every hospital biochemist and all others concerned with the analysis of 


_ biological material will consider it excellent value at the modest price of 22s. 6d. a 


THE CHEMISTRY OF THE COORDINATION COMPOUNDS. _ Edited by Joun C. Barrar, Jun. Pp. 


= 
Corporation; London: : Chapman & & Hall Ltd. 1956. Price $18.50; 148s. 48s. 


Professor Bailar, originally intended write this book alone, but the literature onff, 


wie etaaiies compounds i is So 1 vast that he decided to ask twenty-three of his students and former 
_-'No attempt has been made to cover the emaiiey of co-ordination | compounds completely, 


b but an effort has been made to select ideas that are fundamental and stimulating. _ This is not a 


American Chemical Society Monograph No. 131. New York: Reinhold id Publishing : 
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"that Has required to De extensively revised im the present edition has Deen that On COlorimetnic 
4 me. _ and spectrophotometric analyses. Quite rightly, the authors have decided to omit all considera#,.., ; 
tion of the simpie visual colorimeter in order to permit expansion of the section on spectrophoto-§ entig 
- 7 ; metry to 20 pages. This is an excellent section and not only includes a discussion of the principles; tne 
7 Of spectrophotometry and of particular instruments, but also gives full practical details of esti-§.., ve, 
mating blood oxygen saturation, carboxyhaemoglobin concentrations and blood barbiturates.§ 
—_— _ The revolution in the estimations of electrolytes brought about by the introduction of flameg.itno, 
photometry has made he section on this subject from three-quarters of a pagal] 
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: practical book, although there are tenteie on subjects such as co-ordination compounds i in  electro- 
Heposition and the use of co- 2-ordination in analytical chemistry. 


. For ‘example, the book starts with a a general survey -of the chemistry of numerous Lasiaeni but aa 
“ithe meaning of co-ordination is not discussed in any detail until Chapter 2 (p. 100) on the early = 
‘“Mievelopment of co-ordination theory is reached. Moreover, it is a pity that Chapter 3 (the electro- 
- IRatic theory) and Chapter 4 (the electron pair bond) were not interchanged, because the section = 
m the electron pair bond gives the approach that is generally associated with co-ordination theory. — 
% ©. The chapters dealing with structure are useful critical reviews that should be valuable to © 
esearch workers. No doubt the story on p. 189 of the theorist who advanced a beautiful explana-_ 
tion for a fact that he had misread has a 


vy 
pages, so that each item has little. space; thus rubeanic. acid is 5 merely 1 mentioned by name and is it 
metrig _ The text is remarkably free from errors, although it is unfortunate that no co- -ordination has — 


nal been achieved between the two parts of Mr. Trotman- Dickenson’ s name (see p. 224). The con- 
photo- 


onnected circles on p. 31 and t the structure of f the Au,SO, is not understandable 
= The book binding does not appear to be strong enough to hold together this 3}-lb tome, for 
natingine covers had already started to break away from the texts in two copies that were examined. 
flame _ An undergraduate will probably find this work too detailed and too expensive and an analyst _ 
'S@Hyill find that this book does not contain enough experimental detail to satisfy his needs, but many 
alibrarian will prize this volume as a valuable survey of certain aspects of co-ordination chemistry. 


: Amino AcID METHODS AND RESULTS OF PROTEIN ANALYsIS. By RICHARD J. Buock, 


Ph.D., and KaTHRyN W. WEIss, A. B., and others. Pp. xiv + Springfield, Illinois: 
Charles C. Thomas; Oxford: Blackwell Scientific Publications. 1956. Price 80s. 


@luMAN PROTEIN: REQUIREMENTS | THEIR 2 FULFILMENT IN PRACTICE. Proceedings of a Con- 

§ _ ference in Princeton, United States (1955), sponsored jointly by The Food and Agriculture a 
big Organisation of The United Nations (F.A.O.), The World Health Organisation (W.H.O.) P | 4 
and the Josiah Macy Jr. Foundation, New York. Edited by J. C. WaTERLOwW and Jou 
M. L. STEPHEN. 4 Pp. 194. Rome: A.O.; Geneva: W.H.O. 1957. Price 10s. 


The second part of “Amino Acid Handbook, it ‘consists e entirely of tables (95 pages. 
qi them), may well be the most permanently valuable to the analyst. It is certainly an up to date 
ats. Infind comprehensive account of its subject—called by the authors ‘“The Amino Acid Composition 
essive‘fif Proteins” and constituting Part B of the volume. There does not seem to be any Part A, but 
rly thelihis is presumably to be understood as the first 245 pages, , including 67 7 pages: of bibliography 7 
called ‘Methods and Results of Protein Analysis.” 
‘g The usefulness of the figures tabulated in Past B must be wholly dependent on the valiaity 


‘Bigure is to be found—at least I hope so—via the reference given alongside the figure in the Tables. 
OMhen it is for the analyst to apply his | , critical judgment to the question I how accurate, anc 
a. precise, is any figure required by him and taken from the Tables. => ponte iicelelaee 
_ Certainly he has plenty of material on which to exercise that judgment. 7 ‘The ‘methods des- 
ttibed include both chemical and microbiological (in chapters III and IV, respectively), after an Ee 
aintroductory chapter and, sensibly enough, a chapter (II) on “Preparation of the Sample for 
opimalysis.”” This includes a short account of the Kjeldahl method—in its “macro” as ; 
Well as “‘micro’”’ and “rapid” modifications—the authors having given at the beginning of ‘the 
chapter their reasons for thinking that the determination of “protein content (nitrogen x 6-25)” 7 vest 


“gs 20 essential preliminary to amino- -acid analysis. But I can find no discussion of whether _ hk 7 
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and “purifying” amino-acid solutions, including the fashionable modern de-salting procedure 4 
pletely, on ion-exchange resins; curiously enough, this stage is described before the method for hydrolysing ee b | 


wen After the chapters on microbiological ond chemical methods comes one on paper chromatd). 
graphy and another on column chromatography of amino-acid mixtures in solution. It is grat 


- fields covered by the book, though it is a little odd to find no mention whatever « of Gale (even i 


the index) or consequently of the fact that he has incidentally invented a new method of amingy, 


acid analysis by the use of the amino acid decarboxylases. Why no one has developed and applie 
= method, which is at least in theory by far the most specific available, is hard to understandfs, 
The modification of microbiological assay procedures so as to use Petri dishes or “‘large plates 
and to measure “zones of exhibition” rather than turbidity or acid production, so successfull 
applied in this country to routine vitamin determinations, appears, from the lack of any mentio 

in this book, never to have been tried on amino acids. Perhaps this is because so far their measurd 

_ ment has almost always been a research job and no “fordising” of procedure for control _ purposg 
a ‘These circumstances will assuredly change. The must perhap 


standardise, or even control, their products for content of ‘ protein,” that is, of nitrogen x 62 
th the report just published jointly by F.A.O. and W.H.O. entitled “Human Protein Requirement 
and their Fulfilment in Practice,” there is given a full account of the Conference held at Princeto 
in 1955 (it is nowhere disclosed in the book exactly when in 1955 it took place, though interna 
2 _ evidence indicates that it must have been near the beginning of the year). This book has bee 


so well edited and put together in so realistic a manner that to read it continuously—and at on. 


3 sitting—is a pleasure and conveys a strong sense of active participation. The report make 
_ abundantly clear how the minds of experts—physiologists, biochemists, nutritionists, paediatrician 
_ epidemiologists, , pathologists—are turning from consideration of proteins to consideration « of thei 

q constituent amino acids, that i is, to the nature, quantity | and properties of each individual amin 

; acid, and to their interactions. Even though the promised forthcoming report of the meetin 


held later in 1955 by the F.A.O. Committee on Protein Requirements can hardly carry us muc 


- further, it is bound to speed the day when none of these experts will accept as having much valu ¥ 


any statement about the “‘total protein” content of a food or a diet. The demand will then b 
at least for a statement of individual amino-acid percentage as of individual vitamins and indi, 
— The food analyst, in local or national government service, in hospital laboratory or in industr 
will have to answer the challenge implicit in such demands. That he will then be able to dos 
_ will in no small measure be due to the pioneer work of Professor Block and his colleagues. Allway 
: outstanding among their contributions will be the compilation, arrangement and presentation fy 

_ the material in this book to end—for the ote anyhow—all other books on the subject. © 
GuIDE To QUALITATIVE ORGANIC CHEMICAL ANALYSIS. By R. Linstzap, C.B.E., D.Sc 
F.R.LC., F.R.S., and B. C. L. WEEpon, D.Sc., Ph.D., A.R.C.S., D.I.C., 
aa Pp. xii + 169. London : Butterworths | Scientific Publications; New York: Academifi 


for their first degree and for the Graduateship of the meme Institute of Chemistry, the boo 
me although essentially an instructional book, is at the same time refreshing and readable. _ a 


_ The scheme of analysis described in the first 100 pages of the book is no simplified routin ; al 


process devoid of educational value, but a sound approach to the subject of qualitative organi 


analysis. Although restricted to the requirements of the undergraduate, the training offered i a 


_ dealing with the twenty-three functional groups covered by the book provides a sound basis for th 
‘The details given of the experiments described in this Guide are clear and precise. The pre 
4 parations can rightly be called ‘‘small scale,’’ but it is to be regretted that the Authors have nowher 
given a description of the size or design of the apparatus required. The quantities prescribed fo 
many of the test-tube experiments are often of the order of 5 ml—these could with advantage 
adjusted to a total volume of 3 to 4 ml, thereby allowing the use of a 3-inch x hi -inch or “‘semi§; 
a a any work dealing with the analysis : of organic compounds a list of melting-points is essentia 
the last are by 27 tables giving melting-points of of some 80 
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simple organic ‘compounds. ‘Havtt it ‘wei be helpful if some indication could also be § given a ee ~ 
most suitable derivative to be prepared in each instance. scl 
’ - The book is well produced and, for a first edition, remarkably free of printer’ s errors. ‘The | 


II. 1—F, Br, I, At. Board: V. A. Briscoe, DSe., 
essfull 


Yet throughout the years it has retained with distinction its place on our library shelves with 7 
B‘Beilstein.”” Now, like “Beilstein,” it is to have its supplementary volumes and they will be- > 
Bvelcomed warmly if they are all of the high quality of the first. = | 

‘The Editorial Board and the Publishers have most wisely decided not to have the whole 
work re-written. _ The supplements are intended to be used with the original volumes and are = 
Bi arranged similarly. The many contributors to this work on the halogens are experts in their 
Fields and have produced most valuable surveys with copious references. 
' Many subjects entirely new to the main edition are included. | Radiochemistry, embracing 
Fission isotopes, radiation chemistry and excited-atom chemistry, occupies nearly 200 pages, — 
§spectro-chemistry and photo-chemistry are fully surveyed, and a good account of modern fluorine | 
Achemistry, including the fluorocarbons, is given. Astatine, the 10-year-old member of the halogen 
family, is well discussed in a section of fifteen pages; 
| Very good summaries of analytical methods are given, with references to original papers, and 
adequate notes upon the biological importance of the halogens and their compounds are provided. . 
- - The contributors and publishers have produced an excellent reference work, which will be 
an essential in every chemical library. No reference has been found in this book (dated 1956) _ 
Blater than 1953; it is thus already 3 years out of date. However, reassurances | can be taken > 
from the aim of the Editors, which is declared in the preface: ‘‘to produce the series of Supplements _ . 
_ fas quickly as possible and at relatively low cost so that it might be possible in the future as in the 
“Bpast for the individual chemist himself to possess the Volumes dealing with fields of inorganic — 
ation ¢ VITAMIN A. By Tuomas Moorg, Sc.D., D. Se. ‘Pp. xx + 645. Amsterdam: Elsevier Publishing — - 
ect. ie Fg Co.; London: Cleaver-Hume Press Ltd. ; New” York: D. Van Nostrand Co. Inc. 1957. 
The amount of published lik: on vitamins is now very large, se this substantial volume - 
Ticals only with the provitamins and vitamins A. It is interesting to note that even so th uthor 
‘Bhas been able to cover the ground only by dint of careful selection. Dr. Moore has beet od 
~~ [Jin research on vitamins A and E and in other nutritional matters for 30 years and has himself _ 
made noteworthy contributions to knowledge. an He is therefore well equipped to survey the 
subject of vitamin A, and in doing so is willing to ‘‘be guided by the incomplete pattern which 
_ Part I of the book consists of an interesting historical introduction and Part II is devoted 4 
to re estimation of vitamins A and provitamins A by biological assays and by colour reactions, 
‘Riuorescence and spectro-photometry. Part III deals with the chemistry of vitamin A and its 
'Jprovitamins and congeners. Part IV is concerned with the comparative biochemistry a and — 
history of the carotenoids and vitamin A. 
Parts V, VI and VII are outstanding. — Beginning with absorption of provitamins A, se’ 
__ §argument proceeds via the conversion of provitamins to vitamin A to the absorption of vitamin A. 


itself. The next step is ‘the storage, ‘distribution and ‘mobilisation of A; this leads to 
m vitamin A and vision, and from this follows a discussion of both cis - trans isomerism and - 
Jvitamin A,. The pathology of vitamin-A deficiency is then fully described, and hyper-vitaminosis A ty 
is reviewed carefully. A long section is then given over to vitamin A in human health and disease. 7 
_gPart VIII surveys the state of knowledge about vitamin A in farm and domestic animals; there : 
‘Bate two good chapters on vitamin A and sex, and another on vitamin A and o oe 4 The 
final chapter is a shrewd assessment our knowledge of A. 
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j 2) ae _ “At the same time we must, to some extent, condense our » stoount of the crowded and 
ta fashionable fields of investigation, and deal more expansively with topics which have a 
popular than their importance would have justified.” 
Ss tracing the historical development of knowledge about vitamin A it may be seen ‘thad 
the second great phase turned on estimation—the of biological and > 


— 


- elegant ‘syntheses to close a a great chapter. ‘The third phase was the elucidation of the chemistry 
and biochemistry of vitamin A in relation to vision. The fourth and by far the most incomplete 
_ phase is the clarification of the biochemistry of vitamin A, its modes of action in tissues generally’ 
; The second and third phases have gone far enough to be presented in a tidy and concise fashio 
Aw 7 at the cost of some over-simplification. The new generation of research workers faces difficult 
_ problems in the fourth phase; as an unrivalled guide here, Dr. Moore is definite when the - 
are clear and is scrupulously f fair to all hypotheses ae may or may not be valid. = = 


OrGANIC ANALYSIS. Volume III. Edited by J. jun., LM M. Kottuorr, E. S. PRosKAvER 


=) oy and A. WEISSBERGER. Pp. viii + 54 546. New York and a Interscience Publishers} 


— ‘This third volume of the series is half as large again as the previous ian senetiber (Analyst, 1956, 81,8 

4 676), and the number of review articles is reduced to six. . Instrumental methods as such are repre, 
sented by the analytical applications of the mass spectrometer (56 pp.) ; the opportunity to operate| 
such enpenaive ¢ oquiguent is given to few, but this chapter chewid serve to illustrate its — 

‘The first four chapters describe analytical methods for various functional groups: ‘organic 

4 acids | (96 pp.); acid anhydrides (32 pp.); amines and amides, with some brief notes on imides, 


1 
| 


cal, physical and instrumental methods are described; among the newer procedures covered 
are gas chromatography for acids and olefinic substances, ion exchange for the former and non- 
aqueous titration for acids and amines. The article on olefinic unsaturation—which, from its 
title, will be understood as not being himited to hydrocarbons—is a remarkable achievement, 

_ presenting in condensed form no less than just under seven hundred papers. "et as ee 7 
‘The last chapter breaks new ground in this whole series by dealing with applied analysis; 
the subject is synthetic organic coating resins, , to which the author has felt it necessary to add a 
‘sub-title indicating the “necessity to limit his field to “some ‘commercially important classes.” 

. _ This branch of technology i is one in which there have been great advances, particularly during the 
~ last 20 years, resulting in the appearance of some complex analytical problems. To say that this 
article will prove of particular value to the analyst faced aad an cccastonal sample is aot to 


_ A few corrections for \ volume II are e given; , the index i is cumulative, though in less detail for the 


nee Pp. xvi + ‘508. a hae Methuen & Co. Ltd.; New York: John Wiley & Sons Inc. - 1957. 
_ REPorTS ON THE Procress 0 oF APPLIED CHEMISTRY. Volume XLI: 1956. Editor: H. S. Rooke, 
MSe., London: The Society of Chemical Industry. 1957. Price 100s. 
Yeasts. ‘By K. Arima, W. J. Nickerson, M. Pyke, H. SCHANDERL, A. S. Scuutrz, A. C. 
‘Tuaysen and R. S. TuorNnE. Edited by W. RoMAN. 246. The > Hague: Dr. W. 


PRESSURE Vacuum Systems. By yu H. Leck, M. Eng., A. M.1.E.E., A.Ins.P. 


ysics. 1957. 
JOLUMETRIC ANALYSIS. VOLUME III. T1TRATION METHops: OxipaTIon - REDUCTION. RE- 

f ae actions. By I. M. KotTHorr and R. BELCHER. With the co-operation of V. A. STENGER 

G. Matsuy AMA. Pp. x + 714 New York and London: Intersci ence Publishers 
1967. Price: $15. 00; 115s. 
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